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I^MmATE MICROSTRUCitiKE DEVICE 
AND METHOD FOR MAKING iSAME 

BACKGROUND 

. This invention relates to methods and apparatus for high throughput sample analysis. 

In a range of technology-based industries, including the chenu^ 
biomedical, and pharmaceutical industries, it has become increasiiijgly dbsirable to develop 
capabilities for rapidly and reliably carrying out chemical and biochemical reactions in large 
numbo'S using small quantities of samples and reagents; Carrying out ai mas»ve screetung 
progran manually, for ^taniple, can be exceedingly time consuming and may be entirely 
impracticable where bnly a very small quantity Of an important sample or component of 
interest is availabii^ or where a component of a ^hesi^ 

Devdopments in a variety of fields have resulted in an enormous increase in the 
numbers of tsirgets 2md conipouhds that 

Rajpid and widespread advances in the sdeii^^ 
processes, for example, has ied.to rationally designed approaches in drug discovery. Moleicular 
genetics and recombinant DNA technologies have made possible the isolation of many genes, 
and the proteins encoded by some of these show promise as targets for neW drugs. Once a 
target is identified and the gerie is cloned, the recombinant protein can be produced in a 
suitable expres^on system. Often receptors and eni^mes exist in alternative forms, subtypes or 
isofohns^ and using a cloned target focuses the primary screen on the subtype appropriate for . 
the disease. Agonists or antagonists can be identified and their selectivity can then be t^ed 
: against the other known subtypes. The avulability of such doned geries and corresponding 
expres^oh systems reqinre screeiuhg methods that are specific, -sensitive, and capable of 
aqtom^ed very high throughput. 

Siimlarly, an emergence of methods for highly , parallel chenucal synthesis has increased 
the heed for high throughput scre^iing ("HTS''). Conventionally, preparation of synthetic 
analogs to the protbtypic lead compound was the established method for drug discovoy. 
Natural products were usually isolated from soil microbes and cultured under a wide variety of 
conditions. The spectrum of organisms employed by the pharmaceutical industry for isolation 
of natural.products fias now expanded from actinorriycetes and fungi to include plants, marine 
organisms, and insects. More recently, the chemistry of creating combinatorial libraries has 
vastly increased the number of synthetic compoimds available for testing. ThousaiKis to tens or 
hundreds of thousands of small molecules cari be rapidly and economically synthesized. See, 
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. US. Patent No. 5,252,743 for a discussfo^ / 
combinatorial libraries complement the large numbers of synthetic compounds available from 
the more traditional drug discovery programs based, in part, on identifying lead compounds 
through natural product screcrang. 
5 Accordingly, cohaderiable resources have been dir^^ 

Wgh-throughput caracal syntheses, screemng, a^^^ 
in part from such efforts. 

CompeUtive binding assays, originally devdoped for immunodiagnos^^^ | 
continue to be commonly employed for quantitative^^ I 

10 interactions/Despite advances in the development of sfiectrophotom | 

. . ■ ..'.*•* . • ■ . . • ■ ^- 

bascdbioanalytical assays, radiolabeled Bgands are stiU commonly emptor | 

HTS applications. Althpugh non-isotopic markers promise to be environmentally cleaner, . | 

safer Jess expensive, and generally easier to use than radioactive com^^^ 

limitations have prevented these new methods from becoming vwdespread. Another major ; 
15 disadvantage ofthecompetitiori assay is the number of steps, most not^^^^ 

required to run assays. 

SciiitiUation proximity assays, disoissed for example in^U 
U.S. Patent No. 4,382,074, were developed as a means of circumventing the v/ash step^^ 

required in the above heterogeneous assays. The homogeneous assay technology, which 
20 requires no separation of bound from free ligand, is based on the coating of scintillant beads . 
with an acceptor molecule such as, for example, the target receptor. ; 

In another approach to avoiding the use of radioacUve labels, especially usefi^ - | 

throughput assays, lanthanide chelates are used in time-resolved fluorometry. See. e.g:, US: 1 
Patent No. 5,637,509. ^ 
25 Automated laboratory workstations have contributed significantly to advances jn 

pharmaceutical drug discovery and genomic science. See, e.g., US. Patent No. 5,104,621 and 
US. Patent No. 5,356,525. Particularly, robotics technology has played a major role in : 

providing practical means for carrying put HTS methods. &e, e.g., US. Patent No. ; 
4,965,049. 

30 Robotic-based high-throughput tools are now routinely used for screening libraries of i. 

compounds for the purpose of identifying lead molecules for their therapeutic potential. For . 
example, a screening method for characterizing ligand binding to a given target employing a 
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. variety of separation techniques is described in W 
described in U:S. Patent No. 5,585,277. 

Highly parallel and automated methods for DNA synthesis and sequencing have also 
contributed Significantly to the success of the human genome project, and a competitive 
5 industry has developed. Examples of automated DNA analysis and synthesis include, e.^., tJ.S. 
Patent No. 5,455,008; U.S. Patent No. 5,589,330; US. Patent No. 5,599,695; U.S. Patent 
No. 5,631,734; and U.S. Patent No. 5,202,231. 

• Computerized data handling and analysis 
cbmmerdal availability of lu^throughpiJt instrumentation for numerous life sciences reseaiich 
10 and developmdit applicatiohis. Cbrrtmdrdal software, including database and data management ' 
sofhvare/ lias become routine in order to efiide^^^ 
generated. . 

\^th the developments outlined above in molecular and cellular biology, combined with 
advancements in combniatorial chemistry, there has been a huge increase in the number of 
1 5 . targets aind compounds available for screening. In addition, many new human genes and their . 
expressed protdns are being identified) by the human genome project 
expand the pool of new targets for drug discovery. A.g^ 
. more efficient ultrahigh throughput methods and instrumentation for pharmaceutical and . 
genomic sdence screening applications. 
20 Miniaturization of chenucal analysis systems, employing semiconductor processing 

methods^ including photolithography and other wafer fabrication techniques borrowed firoiti 
the microelectronics industry, has attracted increasing attention and has progressed rapidly. 
The so-called "IalM>n-a^hip" technology enables sample preparation and analysis to b& carried 
out dn-board microfluidic-based cassettes. Moving fluids through a network of interconnecting 
25 . oiclosed iiiicrbchahnels of capillary dimensions is possible using electrokinetic transport 
methods. . v 

Applications of microfluidics technology embodied in the form of analytical devices has 
many attractive features for pharmaceutical high throughput screening. Advantages of 
miniaturization include greatly increased throughput and reduced costs, in addition to low 
30 consumption of both samples.and reagents and system portability. Impleifientation of these . 
developments in microfluidics and laboratory automation hold great promise for contributing 
to advancements in life sciences research and development. 
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Of particular interest are tnicrofluidics devices in which very small volumes of fluids are 
manipulated in microstructures, including microcavities and microchannels of capillary, 
dimension, at least in part application of electrical fields to induce electrokinetic flow of 
materials within the microstructures. Application of ah electric potential between electrodes 
contacting liquid media contained within a nucrpchannel having cross-sectiorial dimensions in 
the range fi-om about 1 pm to upwards of about 1 mm results, in movement of the contents 
mthin the channel by electroosmotic flow and/or hy electrophoiresis. Electrophoresis is 
movement ofelectricaily charged particles, aggregates, molecules or ion$ in the liquid ihedhim 
toward or away from the electrodes. Electroosmotic flow is bulk fluid flow, including 
movement of the liquid mediuni and of dissolved or suspended materials in the liquid jiiedium. 
The extent of bulk fliiid flowresulting from application of a given electrical freld depends / . 
among other factors upon the viscosity of the medium and on the electrical charj^e on the wall 
of the microchannel. Both electroosmotic flow and electrophoresis can be used to transport 
substances, from one point to another within microchannd 

. Electrophoresis has become an indispensable analytical tool of the biotechnology and 
other industries, as it is used extoisively in a variety of applications, including separation, 
identification and preparation of pure samples of nucleic acids, proteins, and carbohydrates; . 
identification of a particular analytef in a complefx mixture; and the like. Of increasing interest in" 
the broader field of electrophoresis is capillary electrophoresis ("CE'*), where particular . 
entities or species are moved through a medium in an electrophoretic chamber of capillary 
dimensions, imder the influence of an applied electric field. Benefits of CE include rapid run . 
times, high separation efficiency, small sample volumes, etc. Although CE was originally 
carried out in capillary tubcs^ of increasing interest is the practice of using microchannels or 
trenches of capillary dimension on a planar substrate^ known as microchannel electrophoreas" 
("MCE"). CE and MCE axe increasingly finding use in a number of different applications in 
both basic research and industrial processes, including aiialytical^ biomedical, pharmaceutical, 
envirorunental, molecular, biological, food and clinical applications. 

Typically, the microchannels of MCE devices are constructed by forming troughs or 
grooves of appropriate dimension and configuration in one surface of a planar rectangular- or 
disc-shaped base substrate, and applying a planar cover to the. surface to enclose the 
microchaimels. 



wo 99/19717 _^ i>Cr/US9»2I869 



Conventionally, microchannels having capillaiy dimensions have been made in siUcon or 
glass substrates by micromachining, or by employing photolithographic techniques -Jee. e.^., 
U.S. Pat. No. 4.908,1 12, U.S. Pat. No. 5,250,263. Whwe the substrates are of fiised SUica, the 
nucrochannds can be enclosed by anodic bonding of a base and a cover. Exemplary MCE 
devices are also descft^ed in U.S. 5,126,022; U.S: 5,296,1 14; U 
US. 5,132,012; and in Harrison e/o/., 'Mcromachining a Miniaturized Capillaiy 
Electrophoresis-Based Chemical Analyas iSystem on a Chip," Sdence (1992) 261 : 895| 
Jacobsen et aL, "Precolumn Reactions with Electrophoretic Analysis Integrated on a . 
Microchip.- Anal. Chem. (1994) 66: 2949; Effenhauser etal, 'TBgh-Speed Separation of 
Antisense Oligonucleotides on a Micromachined Capillary Electrophoresis Device," AnalJ 
Chem. (1994) 66:2949; and Woolley & Mathies. "Ultra-High-Speed DNA Fragment 
Separations Using Capillary Array Electrophoresis Chips," P.N.a!s. USA (1994) 91 :1 1348. 

Eckstrdm e/ fli US. Pat. No. 5.376,252 describes a process f 
channels in plasUc using elastomeric spacing layers. Ohman Intemationsil Patent Publication' 
WO 94/29400 describes a method for producing microchannd stnicturis applying a thin 
layer of a thermoplastic material to one or both of thesurfaces to be joined, then joining the . 
surfaces and heating the joiiied parts to; melt the thenmbplastic bonding byer^ Kaltenbacli e/ aL 
U.S. Pat. No. 5,500,071 describes constructing a miniaturized planar microcolumn liquid 
phase analytical device by laser ablating microstnictures in the surface of a planar laser . 
ablatable polymeric or ceramic substrate, rather than by conventional silicon micromachining 
or etching techniques. 

U.S. Patent Application Serial No. 08/878.437 fild June 18, 19^ (Attorney Docket 
No. A-63519/RFr/BK SOAN-Ol 1) describes methods for fabricating microchamiel structures 
constructed of a polymeric card-shaped or disc-shaped base plate havihg a planar surface in" " 
which a iracrochannel structure is formed, and a planaiP polymeric cover. The ihicrochannel 
structure is enclosed by bonding the planar surfaces of the cover and the base plate together, 

SUMMARY OF THE INVENTION 
In one general aspect, the invention features a continuous form microstructure (/.«.. 
microcavity and/or microchannd) array device constructed as an dongate nexible film laminate 
containing a plurality of microstructures or arrays of microstructures arranged serially 
lengthwise along the laminate. Where the device has a series of microstructures, each structure 
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is cor^gured to cany out a fluidic process or a step in a fhiidic process, yfhtre the device has 
. a series of microchannd arrays^ each array is configured to carry out. a set of processes or 
steps, on an array of samples or of test reagents. 

Because the nucrostnicture^ or arrays of nucrostructures, are serially arranged 
5 lengthwise along the laminate^ the device can be fed lengthwise into and through an analytical 
device^ and the structures or zmys can be treated serially in a continuous automated or 
semiautomated manner. 

In some embodiments the flexible elongate lanrunate device is advanced within the . 
analytic device fh>m a continuous uncut supply roll, through the various parts of the analytical 

10 device and, as the laminate device is expended, to a takeup roll, sinular to the way in which roll 
film is advanced frathe-by-firaitie through a camera. In oth^ embodirn^ts the elongate 
laminate device is advanced within the analytic deyice from a continuous uncut accordion- 
folded supply stack, through the analytical device ahd^ as the laminate device is expended, to 
an accord[bn-foIded takeup stack. When the entire roll (or supply stack) has been expended . 

IS and passed onto the takeup roll (or stack), the expended roll (or stack) can be discarded, or 
can conveniently and efBdently be stored in an archive, as may be desirable for some. uses. 

The microstructures are constructed either by forming channels, trenches or cavities of . 
suitable dimension and configuration in a microchannel surface of a first laniina and, ot>tionally, 
enclosing the channels by apposing a covering surface of a second lanuria onto the 

20 microchannel surface lo form the microstructures; by forming slits having suitable dimension 
and configuration in a spacing lamina, and sandwiching the spacing lamina between first and 
second enclosing laminae to enclose the slits between the apposed surfaces of the first and 
second enclosing laminae to form the microchannels or by combining a spacing lamina having 
slits therein with a lamina having such channels, trenches or cavities formed therdn. 

25 . Electrodes can be formed in the device by any of a variety of techniques, known in the 

art, including application of wires or conductive decals, or . printing or starnping using 
condiietiVM^s, or vapor deposition, efc, in a specific configuration onto a surface of one or 
both of the laminae. The laminate construction according to the invention is particularly 
suitable for application of flexible printed circuit technology. For technical review, iSee, 

30 Th. H. Steams (1996), Flexible Printed Circuitry, SMTnet Bookstore. also, 
US. 4,626,462; U.S. 4.675,786; U.S. 4,715,928; U.S. 4.812,213; U:S, 5,219,640; 
U.S. 5,615,088. 
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Processes for making flexible printed circuits are generally well known. Briefly, the . 
electrodes, which provide connections from the reservoirs in the microfluidic structure to high- 
voltage contacts in an analytical device that carried the lanunate^ are formed witMn a thin 
polymer film lalmihate, \^ch serves as a cover lamina to be afiixed as desqribed above to the . 
5 base laiiuha, as described in more detail below. 

In tlus comext, an ""ana^cal device'Ms a device that includes at least ^ 
of detecting orof measuring a signal produced in the course of the inicrofluidic process or 
process step/ and means for inoving the ian^ 

detection region in the nucrostmctiire vntlun the field of the detector. Usually th6 analytical 
10 device is in a stable installation, and the laminate is iadvanced through it past the detector, but 

in some embodiments the laminate is held in place and the analytical de\jce is moved along it. 

Of course, any number of such detectors may be employed, each alignable vAth a detection . 

region (or series of detection regions, as the laminate progresses through). Usually, the 

analytical deAHce also includes electrical, contacts each a^^^ 
.15 electrical circuitry employ6d to generate electroflow in the micTostr^ 

is electrically connected to a source of electrical power^ and to control means (which, may be 

automatied) for chan^g the applied electric fields as the microfluidic process: proceeds. The 

analytical device may fiirther inchidie means for addinjg various fluids (e.^., sample^ buffers or 

other solvents, reagents, and the like) to the microstructures by way of access ports in the 
20 laminate. The analytical device may additionally include means for dianging the environmental 
. conditions surrounding a portion of the laminate, such as temperature, and the like. 

In some cfmbodiments, the device is provided as an assembled lanjnate, in whidi the • 

micTodianhels are fiiHy endosed; and in which ports or ^ 

introduction of sample or reagents or test compounds or liquid media; and in which electrodes . 

25 Have been emplaced and provided with leads for connection to. a source of electrical power. 
Reagents, samples, test compounds, and/or media can be introduced as appropriate during or 
just prior to conducting the assays. In some embodiments the assembled lanriinate is provided . 
with at least some of the media Or reagents *'on board'* in the microchannels or reservoirs sis 
appropriate. Where the device is provided vnih one or more substances already on board, the 

30 device can additionally be provided with means for protection of degradable contents firom 

variations in ambient conditions and, particularly, for example, a release liner which resists loss 
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of moisture or of volatile contents and/or which resists light exposure to the contents, may be 
provided as a release liner on onis or both surfaces of the laminate. 

The device and method of the invention provides a full range of advantages in analyUcal 
sensitivity that inhere in the use of conventional imcrofluidtc analysis, while at the same time . 

5 providing for automated or senriautomated continuous processing of high numbers of analyses 
at high rates of speed. The complexity of mass screening programs, for example, is 
substantially reduced by elimination of many of the manipulation steps, whether by hand or by 
machine, that are required in use of conventional assay plated. And possibilities for error are 
reduced by reduction of the number of points at which manipulation by hand is required. 

10 Methods and apparatus according to the invention for carrying out multiple microfluidic 

manipulations at high throughput rates are readily adaptable for automated non-contact 
dispensing of reagents or samples, providing for substantially reduced risk of cross- 
contamination. 

Further, the continuous form assay array according to the invention significantly 
15 reduces the bulk volume of disposable materials, as compared with conventional assay card 
methods, both because the flexible laminates themselves are thinner than are conventional 
assay cards, and because the microchannel structures or arrays qaii be arranged on the 
continuous form device with more efficient use of the substrate surface area. 

BRIEF DESCRIPTION OF THE DRAWINGS 
20 Fig. i A is a diagrammatic sketch showing a portion of an enibodiment of the laminate 

construction of a continuous fonn microchannel device of the invert 

Fig. IB is a diagrammatic sketch of the portion of the embodiment of Fig. 1 A, in an 
exploded view, showing the lanunae. 

Fig. 2A is a diagrammatic sketch of a portion of an ahemate embodiment of thp 
25 laminate construction of a continuous form microchannel device of the invention. 

Fig. 2B is a diagrammatic sketch of the portion of the embodiment of Fig. 2A, in an 
exploded view, showing the laminae. 

Figs. 3A, 3B are diagrammatic sketches in plan view of two alternative embodiments of 
microchannel structures configured as standard injection crosses, in which the separation 
30 channel is curved (Fig. 3 A) or folded (Fig. 3B) to provide extended separation flow path 
length. 
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Fig. 3C is a diagraminatic sketch in plan view of an embodiment of a microchannel 
structure prdvidiiig for introduction of four reagents into a sample flow path upstream fronri 
the separation channd, which is folded to provide extended separation flow path length. 

Fig. 4 is i diajgranunatic sketch in plan view of a portion of the length of an embodiment 
S of a continuous forni microch^nel devi.ce of the invention, showing two in a series of 
microchannel arrays. 

Fig! 5 is a diaghunniatic sketch in a perspective view showing a method for 
constructing an elongate flenble fikn laminate having the general laminate structure shown in 
Fig. lA, 

10 Fig. 6 is a diagrammatic sketch in a side view showing a method for constructing an . 

elongate flexible film laminate having the general laminate structure shown in Fig. 2A. 

FigSi 7a, b are diagrammatic sketches in sectional view showing details of an 
embodiment of a device according to the invention made using a flexible circuit laniind. 

Figs. 8a, b. are diagrammatic sketches as in Figs. 7a, b showing details of an alteririative 
IS enibodiment of a device according to the invention made using a flexible circuit lamina. 

Fig. 9 is a diagranimatic sketch showing a microstructiire configuration thiat can b^ ; . 
constructed in a continuous foim laminate device of the invention, suitable for canyiiig out a ^ 
' receptor binding assay. 

Fig. 1 0 is a diagrammatic sketch showing a microstructure configuration that can be 
20 constructed in a continuous form laminate device of the invention, suitable for carrying put an 
enzyme assay. 

Fig. 11a is a diagrammatic sketch.of a portion of the length of an embodiment of a base 
lamiiia of a continuous form niicroslructure device of the invention, shoving two in a series of 
micrbchannel arrays. Each nucrochahnel array includes four microstructures each configured 
25. to cany out a receptor binding assay, as described vnth reference to. Fig. 9. 

Fig. 1 lb is a diagrammatic sketch of a portion of the length of flexible circuit laminate 
showing two in a series of layouts of electrodes and electrical contacts, each layout configured 
to serve a micrbchannel array as shown in Fig. 11a. 

Fig. 1 Ic is a diagrammatic sketch of a portion of the length of an embodiment of a 
30 - continuous form elongate laminate microstructure device of the invention, constructed by 
laminating the flexible circuit laminate of Fig. 1 lb onto the base lamina of Fig. 1 la. 
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Fig. 12 is an isometric view of a laminate microstructure device of the present invention 
and a contact probe, assembly for use therewith. 

Fig. 13 is a cross-sectional view of the laminate microstructure device of Fig. 12 taken 
along the line 13 -13 of Fig. 12 with another embodiment of a contact probe assembly for. use 
•5 therewith. 

Fig. 14 is a cross-sectional view similar to Fig. 13 of another embodiment of a laminate 
nuarostructure device of the present invention and another embodiment of a contact probe 
assembly.for use therewith. . . 

Fig. 15 is a plan view of a fiirther enibodiment of a laminate microstructure device of 
10 the present invention. 

. Fig. 1 6 i$ a cross-sectional view of the laminate microstructure device of Fig^ 1 5 taken 
along the line 16-16 of Fig. 15. 

Fig, 17 is a cross-sectional view similar to Fig. 13 of yet another embodiment of a 
laminate microstructure device of the present invention and an contact\ probe for use 
15 therewith.. 

Fig. 1 8 is a top plan view, partially cut away, of another embodiment of a laminate 
mio^ostructure device of the present invention. 

Fig. 19 is a cross-sectional view of the laminate microstructure of Fig. 18 taken along 
the line of 19-19 of Fig. 1 8. 
20 The drawings are diagrammatic only and not to scale and, particularly, in some of the 

Figs: the thicknesses of the laminate composites and of the layers of which th^ are 
constructed are much exaggerated for clarity of presentation. 

DETAIIJED DESCRIPTION " " 

Constmcrinn 
25 In General 

--Microfluidic processing", as that term is used herein, means and refers to fluid 

processing--that is, fluid handling, transport and manipulation — carried out within chambers 

and channels of capillary dimension. Valveless sample injection is achieved by moving fluid. 

from reagent reservoirs into cr oss-channel injection zones, where plugs of buffer or test 
30 compounds are precisely metered and dispensed into a desired flowpath. The rate and timing 

of movement of the fluids in the various microchannels can be controlled by electrokinetic. 
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magjnetic, pneumatic, and/or thermal-gradteht driven transport, among others. These sample 
manipulation methods enable the profile and volume of the fluid plug to be controlled over a 
range of sizes with high reproducibility. In addition, microfluidic processing includes sample 
preparation and isolation where enrichment microchannels containing separation media are 
5 employed for target capture and purification. Microfluidic processing also includes reagent 
niixing, reactionAncubation, separations and sample detection and analyses. 

Generally, the expression "micrpstructure*', as used herein, means and refers to a single 
enclosed microchannel or a network of interconnecting microchannels having cross-sectional 
dimensions suitable for carrying out microfluidic manipulations of materials carried by them, 

10 Several steps or stages of an analytical process may be carried out in one microchannel 

structure^ suitably configured. Configurations of various complexity are disclosed for ^caniple 
in U.S. Patent Application Ser No. 08/902,855 filed July 30, 1997 [Attorney Docket No. A- 
62855-1/RFr/BK SbAN-8-1] and in U.S. Patent Applicati^^ 08/878,447 filed Jun^ 

18, 1997 EA-64739/RJT/BK SOAN-017], the entire co^^^ 

15 - incorporated herein by this reference; 

A "microfluidic network^*, as that term is used herein, is a qrstem of interconnected 
microchannels, i.e., cavity structures and capillary-size channels, through .which fluids can be 
manipulated and processed. 

Cavity structures, in the context of microstructures, are spaces, usually formed in, 

20 a planar substrate, a plate, or the like in accordance >^th the present invention. Cavity 

structures include, e.g., wells, reservoirs, chambers for incubation or separation or detection, 
and the like. Cavity structures can be present M one or both of the termini, i.e , either end, of a 
channel, and are there usually referred to as res^voirs. Siich cavities structures may serve a 
variety ofpiirposes, such as, ibrexamp^^ 

25 solveiit, reagent rinse and wash solutions, and so forth into a main channel or one or more 

interconnected auxiliary channels, receiving waste fluid fi-drn the main channel, and the like. In 
some embodiments, cavity structures are not connected by channels, but rather stand alone; 
such firee standing cavities can be used for reagent introduction, on-board mixing, incubation, 
reactions, detection and the like. In another embodiment, these individual steps of a 

30 homogeneous assay.can be carried out in a cavity. 

In the microstructures of the invention "channels'*, usually "microchannels", provide 
conduits or meaiis of communication (usually fluid communication and more particularly liquid 
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. communication), between cavity structures and the like. Channels include capillaries, grooves, . 
trenches^ nucroflumes, and so forth.. The channels may be straight, curved, serpentine, 
labyrinth-like or other convenient configuration ivithin the planar substrate. The cross- 
sectional shape of the channel may be drcular, ellipsoidal, trapezoidal, square, rectangular, 
triangular and the like witlun the planar substrate in which it is present. 

Thci inside of the channel may be coated ^th a material to improve the strength of the . 
micTostruclure, for modifying^ enhancing or reducing electroosmotic flow, for enhancing or 
reducing electropboretic flow, for modification of surface hydrophobicity/hydrbphilicity, for 
binding of selected compounds, and so forth. Exonplary coatings are silylation, polyacrylaniine 
(vinyl-bound), methylcellulose, polyether, polyviitylpyrrolidpne, and polyethylene glycol; 
polypropylene, Teflon™ (DuPbnt), Nafion™ (DuPpnt), polystyrene sulfonate and the like may 
. also be used. See also U.S. Patent Application Serial No. 08/715,238, the relevant disclosure 
of which is incorporated herein by reference. 

A '*imcr(Khannel'*, as that term is used herein, iis an at least partly enclosed trench or . 
channel or cavity having capillary dimensions, that is, having cross-sectional dimensions that 
provide for capillary flow along th^ channel. Usually at least one of the cross-sectional 
dimen^ons, e^., width, height, diameter, is at least about 1 |im, usually at least 10 jim; and is 
usually no more than 500 ^m, preferably no more than 200 (im. Channels of capillary 
dimension typically have an inside bore diameter ("ID'') of from about 10 to 200 microns, 
. more typically fix)m about 25 to. 100 microns. 

Microchannels can provide for electroflow between cavity structures and the like in the ' 
microstructures of the invention. '"Electroflow^, as used herein, is the manipulation of entities 
such as molecules, particl^ cells, vitreous fluid and the like through a medium under the. 
influence of ah applied electric field by use of electrodes and the like to induce movement such 
as electrokinetic flow, electroosmotic flow, electrophoretic flow, dieiectrophoretic flow, and 
so forth. Depending upon the nature of the entities, e.g., whether or not they carry an electrical 
charge, as well as upon the surface chemistry of the chamber in which the electroflow is 
conducted, the entities may be moved through the medium under the direct influence of the 
applied electric field or as a result of bulk fluid flow through the pathway resulting from the 
application of the electric field, e.g., electroosmotic flow. It is within the purview of the 
present invention that electroflow can be carried out in conjunction with movement of material 
by other means than application of an electric field, such as by gravity or by application of a 
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magnetic field, centrifugal force, thermal gradients, aspiration, negative pressure, pumping, 
pneumatic forces, and the like. 

An "electroflow: medium'' is an dectricajly conductive medium- that is generally utilized 
in canying oiit microfluidic processes. The particular medium chosen is one that is suitable to a 
particular application of the present invention. Such media include, for example, buffer 
solutions, cross-linked and uncross-linked polymeric sohjtions, organic solvents, detergents, 
surfactant micellular dispersions, gels of the type generally used in connection with analytical 
separation techniques and other microfluidic processes, and so forth. For example, cross- 
linked polyacrylamide gel, cclhilose derivatives, uncross-liriked polyacrylamide and derivatives 
thereof, polyvinyl alcohols, polyethylene oxides and the like may be used. For a discussion of 
such media 5ee, e.g-, Barron and Blanch, 'TJNA Separations by Slab Gel and Capillary 
Electrophoresis: Theory and Practice", Separation and Purification Methods (1995) 24:1-118. 

Suitable electroflow media include conventional buffers such as, for example, the 
Good's buffers (HEPES, MOPS, MES, Tricine^ etcX and other organic buffers (Tris, acetate, 
citrate, and formate), including standard inorganic compounds (phosphate, borate, etc.). 
Exemplaiy buffer systems include: CO 100 mM sodium phosphate, pH 7.2; (ii) 89.5 mM tris- 
base, 89:5 nM Boric acid, 2 mMETDA, pH 8.3. Buffer additives include: methanol, metal 
ions, urea, surfactants, and zwitterions, intercalating dyes and other labeling reagents. . 
Polymers can be added to create a sieving buffer for the differential separation of molecular 
species, such as, e.g., nucleic acids, proteins, and the like, based on molecular size: Examples 
of such polymers are: polyacrylamide (cross-linked or linear), agarose, methylcellulose and 
derivatives, dextrans, and polyethylene glycol. Inert polymers can be added to the separation, 
buffer to stabilize the separation matrix against factors such as cpnvective mixing. 

Alternatively, buffers containing micelles can be used for effecting separation of 
electrically neutral or hydrophobic substances of interest. The micelles are formed in the buffer 
by addition of an appropriate surfactant at a concentration exceeding the critical micelle 
concentration of that detergent. Useful surfactants include but are not limited to sodium 
dodecyl sulfate, dodecyltrimethyl ammonium bromide, .e/c. Weakly charged or apblar analytes 
partition into the micelles to different degrees depending upon their degree of hydrophobicity 
and thus can be separated This subtechnique of capiliary electrophoresis is termed micellar 
electrokinetic chromattography. 
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"Elcclrophoresis** is separation of components in a liquid by electroflow. Various fomnis 
of electrophoresis include, by way of example and not limitation, free zone electrophoresis, gel 
dectroi)horesis, isotachophpresis. Mgh performa^^ 

the like! In the context of the microstructures according to the invention, an '^electrophoresis^ 

5 cohinm** is a channel Wcanyihg out electrophoresis. 

A nucrostructure can be made by forming one or more trenches or channels or cavities 
in the denred configuration and mth the desired dimensions in one surf^ 
then optionally covering selected portions at least' of the trienches or channels or cavities with a 
second lamina to form one or more enclosed microdiannds. Or, a microstnicture can be. made 

10 . by forming stits in the desired configuration and with the desired dimensions through a spadng 
lamina having a desired thickness, and then enclosing selected portions at least of the slits by 
sandwiching the spacing lamina between two enclosing laminae to form one or more enclosed 
mierochannels. 

As noted above, the enclosed volumes within the microchaiinds provide "flow paths'*, 

1 5 in which the various components of the analytical procfess can mdve and combine and interact 
or react, and in which analytes can be separated electrophoretically or retained by. capture 
media. Any of a vari^ of means can be employed to provide sources of supply of the various 
components to the flow paths. 

Any of a variety of means can be employed to cause nriovement of the various 

20 components within the microchannds. Usually, as lioted above, an electric field is applied to a 
segment of a microchannd to cause electrokinetic transport (by dectroosmotic flow or by 
electrophoresis, or by some combination of EOF and dectrophore^s) of the contents of the 
microchannd segment. An electric field can be applied by positionmg a pwr of electrodes^ 
connected to a source of electrical power, within the microchannd: at the ends of the 

25 microchannel segment. Where it is desired, for example, to move a buffer froijn a buffer 
reservoir along a microchannd to a buifer waste reservoir, the pair of electrodes can be 
positioned so that they contact the fluid within the respective reservoirs; application of an 
electric potential across the electrodes induces a electrokinetic flow from one reservoir to the 
other through the microchannel 

30 . Additionally, as noted above, other means than electrokinetic flow may be used to move 

the components within the microchannds, and, particulariy, to fill the microchannd structure 
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at the outset, or to introduce an aliquot of sanriple material or of a test compound^ for example, 
at the beginning of or in the course of the analysis. 

As used herein, the expression "array of microchannel structures'* means arid refers to a 
set of microchannel structures, typically biit not necessalrily all having the same or similar 
configurations, each operating to carry out one of a set of related analyses, as will be described 
more folly below. A microstructure or ah array of microstructures can according to the 
invention be arranged within the laminate structure so that the positions of various of the 
cavities correspond to particular usefol sites in conventional sample holding or saippie deliveiy 
apparatus. Thus, for example, certain of the cavities may be arranged and spaced apart to 
correspond to the dimensions and configurations of a standard multiweU plate, which has an 
array of wells. Standard plates may have my number of wells, usually in a pattern, and usually 
. numbering 96, 192, 384 or 1 536 wells or more. Examples of such multtwell plates are 
microliter plates having a pattern of wells. The wells &ctend into the substrate forming the 
plate, and . are open at the top surface of the plate and closed, at th^ 

openings, holes or other exits irom the wells other than from the top surface at the opening of 
the well. Similarly, a transfer plate may have a like arrangement :0f apertures or nozzles, aiid at 
least selected ones of the cavities in the microstruoture or microstructure /array according to 
the invention can accordingly be arranged so that direct transfer can be made from the plate to 
the nucrocavity network. 

Other arrangements for the arrays of microchannel structures are possible, according to 
the particular dispensing requirements, among other factors. For example, an array of 96 
miq-ostructiires may be in a 12 x 8 orthogonal arrangement, corresponding to the pbsidons of 
wells in a 96-well microtiter plate; or in a linear arrangement of 96 microstructures, or any 
otter arr^gemient: And, an. anray of 384 microstructures may be in a 24 x .16 orthogonal " 
arrangmient, corresponding to the positions of wells in a 384-well miqrotiter plate; or in a 
linear airangement of 384 microstructures, or any other arrangement. 

Depending upon the type of analysis to be perforrned, any of various liquid media 
inchiding buffers or solvents or electrophoretic separation media, reagents, e/c, may be 
brought into play in the course of the analysis. 

At one or mbre points in the analytical process, detection and/or measurement of one or 
more analytes is required. The aiialyte or analytes may be, for example, a plurality of 
electrophoretically resolved reaction products, such as restriction fragitients of a nucleic acid. 
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- bound and free fractions in a ligand-binding assay, substrate and product of an enzymatic 
reaction, and the like. 

Referring now to Figs. 1 A, IB, there is shown at lOa portion of ah embodiment of an 
. 5 dongate fljexible fiim laminate or nucfostructure device a 

assembled (Rg. .1 A).and in an exploded view in which the laminae iappear as separated (Fig. 
IB). In Figs^ 1 A and IB, as in Kgs. 2A, 2B; only a short segment of the full length of the 
lanunate is shown, as suggested by broken lines indicating that the laminate extends lengthwise 
beyond the margins of the diiwing. In the embodiment of FSgs. 1 A, IB, the microchannd 

10 structure is formed in a sparing lamina 11 Jsandwiched between a base laniina 12 and a cover 
laniina 14. Slits 16 having capillary crosslrsectional dimensions are formed through spadng 
lanuiia M, and are enclosed by apposed surfaces 13, IS. of base laminia 12 and coverlamina l4 
in the composite structure. Fig. IB shows slits forming walls of just two 17,. 19 of many 
microchannel structures serially arranged lengthwise on the elongate laminate. In the.example 

IS shown in Ilgs. lA, IB, each microchannel structure has a simple cross configuration formed 
by enclosure of a pair of intersecting slits. 

As will be appreciated, the ^dths ofthe microchannels resulting froin the Construction 
illustrated in Figs. 1 A, IB is established by the width of the slits in the spacing laming and the 
thickness of the microchannels is established by the distance between the apposed, surfaces 13, 

20 IS ofthe enclosing larninae 12 and 14, which approximates the thickness ofthe spacing layer. 
As noted above, the microchannels are of capillary dimension, that is, the larger cross-sectional 
dimension (usuajly the width) of the niicrochannel is usually no greater than about 750 pm, 
niore usually no greater than about 500 pm, and most usually in the range firom about 1 00 ^m 
to about 2S0 pm; and the smaller cross-sectional dimension (usually the depth) can be 

25 somewhat smaller. 

Usually, as noted generally above, reservoirs or access ports or receptacles are provided 
for introducing the various components of the analytic process (sample, buffers or solvents, 
test compounds, e/c.) into the microchannel structures. These can be in the form, for example, 
of perforations 9 through the base lamina 12 or through the cover lamina 14, as illustrated in 

30 Fig. IB. Where, as shown for example in Fig. IB, the reservoirs or access ports or receptacles 
are formed in a lamina other than the one in which the channels are formed, they must be 
located so as to be suitably aligned with appropriate sites in the microchannel structure when 
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the composite is assembled. Accordingly, in Fig. IB, the perforations 9 in the cover lamina 12 
are arrangol to be aligned with the ends of the microchannels formed in the spacing layer 1 1 
when the spacing lamina 11 is sandwiched between the apposed surfaces 13, 15 of the base 
lamina 12 and the cover lamina 14. 

To provide for predictable and consistent microfluidic movement, mixing, and 
separations, the microchannels in the laminate composite device must be adequately 
dimenaonally stable, and the apposing surfaces 13, 15 of the enclosing laminae 12, 14 mii^ be 
adequately sealed to the surfaces of spacing lamina U, at least at the margins of the slits, to 
keep the fluids within the flow paths formed by the microchannels from escaping between the 
lanrinac. These requirements are met by appropriate selection of materials and thicknesses of 
the films making up the laminae, and by appropriate selection of nieans for sealing the contact; 
surfaces of the laminae. 

As noted abovci each of the laminae is a flexible fi^ 
shape and dfanehsions of the midrochannels, yet suflficiently compliant to provide a desired 
flexibiliQr in the composite laminate device. iPreferred fihns include acrylics and polyethyleiies, 
for example, Preferred tneans for sealing will be selected according to the film materials in the 
laminae to be joined. Particularly, for example, the film materials and adhesives described in 
USSN 08/878,437 filed June 18, 1997 (Attorney Docket No. A-63519/RFr/BK SOAN-01 1), 
. the disclosure of which is hereby incorporated herein in its entirety. 

In the embodiment of Figs. 1 A, IB, the thickness of the spacing lamina.is selected to 
provide the desired microchannd depth, taking into account any effect (additive or subtractive) 
that the sealing process may have on the distance between the apposed surfaces 13, 15 of the 
enclodng laminae. 

In addition.to the spacing lanunai 11 and the endoring laminae 1 2, 14, the laminate may' 
fiirther inchide release liners 16 and/or 18. Use of a release liner may be especially desirable 
where at least some of the components of the analytical process (a reagent or a buffer, for 
example) are provided on board the device prior to use. Such release liners can mitigate 
degradation or loss of the contents of the.device during prolonged exposure to varying 
environmental conditions that may be encountered prior to use of the device, as for example 
during storage. It may be particularly important, for example, to avoid loss or intrusion of 
moisture or of more volatile substances out from or into the microchanhel structure. Or, it may 
be important to avoid exposure to light. Accordingly, preferred release liners form a barrier to 
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. moyement of nioisture or volatile materials, and thin polymer films, including metallized films 
may be particularly suitable. 

Referring now to.Hgs. 2A, 2B, there is shpi^ 
embodim^t oiTan elongate flexible film lanunate or microst^ 
S invention, a assembled (Fig. 2A) and in an exploded view in which the laminae appear as 

separated (Figi 2B). In this embodiment, the micrpchannel structures 27,29 are constructed by 
forming channds or trenches 26 in a surface 21 of base lamina 22^ and apposing a surface 1 5 
. of a cover lanuna 14 onto surface 21 to enclose the microchannels: Reservoirs or access ports 
or receptacles can be prodded for introduction of process components into and/or for removal 
10 of excess or waste fi-om the microchannel strui^ture, as noted with reference to Figs. lA, IB. 
These are illustrated by way of example in Fig. 2A as perforations 9 through cover lamina 14, 
- positioned so as to be suitably aligned with the channels or trenches 26 in the base lariiina 22 
when the surfaces 21, IS of base lamiria 22 and cover lamina 14 are apposed. 

Alternatively, reservoirs may be jprovided in base lamiiia 22, in the form of wells or 
1 S . holes through the thickness of base lamina 22, each situated in fluid communication with a 
microchannel or trench, as may be desired. And, referring again to Figs. 1 A, IB, reservoirs 
may be provided in the spacing lamina 1 1, each in fluid communication with a slit.. If the base, 
lamina 22 (or the spacing lamina 1 1) is sufficiently thick, reservoirs of significantly high 
volume can be provided in this way, and the cover lamina (or enclosing laminae) can be very 
20 thin. For reservoirs that are loaded in the course of the lamination process, no access opening 
through either the cover lamina or the opposite surface of the base lamina (or either of the 
spacing laminae) is required; however, for any such reservoirs that arc to be loaded after the 
laminate has been formed, access openings aligned with the reservoirs can be provided, for 
example as holes through the cover lamina or through the base Isfmina (or through a spacing 
25 lamina). 

In this embodiment the widths and depths of the microchannels are established by the 
dimensions of the trenches or channels formed in the base lamina. Accordingly; precise control 
of the dimensions during the formation of the trenches or channels, taking account of any 
additive or subtractive effect of the sealing process, results in reproducible microchannel 
30 jdimensions. 

As in the embodiment of Figs. 1 A, IB, the embodiment of Figs. 2A, 2B may 
additionally include release liners 1 6 and/or 18. 
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As in the mbodiment of Figs. 1 A, IB, each of th^ 
2A, 2B is a flexible film. Preferred film materials for the base lamina 22 and cover laminai 14 . 
are polymer films; and preferred sealing means are selected acdording to the film materials to 
be joined: The base lamina 12 preferably is sufficiently thick to maintain its structural int^ty '"' ^ 
5 afterthetrenches or channels.havebeenformcd init. Particularly, for e^amp^ 

configuration of the microchannel structure is complex, or where there is a high density of 
trenches or channels, the mechanical strength of the base lamina may be compromised, and for 
ease of handling as well as to maintain the dimensionality of the microchannd structure du^ 
assembly and use, the base lamina should be thick enough so that it maintains its mechanical 
10 . integrity. 

DetecUon is usually optical, and most usually the signal is generated by laser-indu^ . 1 

fluorescence; the detector is usuaUy a (x>nventional confpca^ j 
means may be employed. . | 

• As noted above, each of the microchannel structures shown in Figs. IB, 2B is 
1 S . configured as a simple injection cross, fohned by intersection of two straight microchanhels: ; . 

Suchacohfigurationis useful, for example, in carrying out a quantitative electrophoreti * ' ' ^ 
separation of a metered sample volume, as described for example in U.S.. Patent Application . 
Ser.Nb. 08/878,447 filed June 18, 1997 [SOAN-01 7]. The intersecting microcham 
. simple injection cross need not be straight, and in some configurations more efficient use of the ; 

20 substrate area is made possible by configuring one or more microchannel arms .otherwise. ' i 

• * ■ " * 1 
Referring now for example to Figs. 3A, 3B, alternative embodiments of simple injection cross 

configurations are shown in which one electrophoretic microchannel is made relatively longer. ' \ 

■ ' . • ' • . . ■ ^ 

In each of mio-TOhannei structure configurations o j 
. . microchannel and a. longer microchannel intersect at 3 1 to form an injection cross. Saihide ~ . ) . 

25 supply reservoir 36, sample drain reservoir 37, elution buffer reservoir 33, and analyte waste 

reservoir 34 are provided at the ends of the nucrochannel segnients; and an. electrode (not - . 
shown in the Figs.) connected to a source of electrical energy is positioned to contact the . 

liquid contained within each reservoir. Poteiitial differences across the dectr^ { 
first to draw the sample electrokinetically from sample supply reservoir 36 across intersection. i 
30 3 1 toward sample*drain reservoir 37; and then to draw a metered volume of sample firbm . | 
intersection 31 into separation channel 35. As the sample plug proceed electrokinetically 
through separation channel 35 toward analyte waste reservoir 34, the sample becomes 
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electrophorettcally separated into its analyte components, which are detected at a downstream 
detection region point in separation channel 35. As will be apparent in the Figs.\ the 
electrophoretic separation channel is made relatively much longer by forming it as a spiral 
turning one or more times around intersection 3 1 and reservoirs 33, 36, 37, and the shorter 
microchanne^ arms (Fig. 3A), orbyfonnlng itin^a^ folded configurate^ 3B). The . 
resulting nuarochannel structures occupy a compact area of the substrate, and can be 
particulay useful, in microchannd arrays, as will be described more fiilly below lyith reference., 
to Fig. 4. 

. The microchannel structures can be formed in more complex conft^rations, according 
to the analytical. process to be caireid out in theni. BLeferring now to Fig. 3C, there is shown by 
way of example at 38 a microchannel structure or microstmcture having an intersection 3 1 
forming an injection cross, and haying sample supply reservoir 36, sample rain reservoir 37, . 
elution buffer reservoir 33, and extended electrophoretic separation channiel 35 leading to 
waste reservoir 34. In this embodiment, microchannels enclosing flow paths running &om four 
additional supply reservoirs 39 to four additional downstream drains 40 additional^ cross the 
microchannd downstream firom the intersection 3 1 . These additional flow paths provide for 
sequential introduction of four additional analytical components (which may be reagents, or 
test compounds, or buffers, e/a) to the moving sample plug. 

An example of a. microchannel array is shown in a plaii view in Fig. 4, illustrating a way 
in which the arrangement of the microchannels structures in the array can be made to match 
the geonietiy of, for example, a standard 96-well plate. Such an arrangement can facilitate 
automated transfer of samples or of test compounds firom the standard .plate to the continuous . 
form microchannd device of the invention, providing for efiident transfer v^th reduced waste 
and minimal oross-cpntamination. Fig. 4, for example, shows a short segment of an dongate" 
flexible film januhate containing a series of microchannel arrays according to the invention. 
The dongate flexible film laminate 42 extends lengthwise beyond the range of the drawing, as 
indicated by broken lines extending from the edges 41 of the short, segment. The short segment 
shown, which is limited by lines 43, includes two successive microchannd arrays or 
microstnictiires 44, 45. Each of the microchannel arrays 44, 45 in this example contains 96 
microchannel structures 30, each configured as in the example shown in Fig. 3 A, and all 
arranged in an orthogonal 12x8 grid that confonns to the geonrietry of a conventional 96-well 
plate. 
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Manufacture 

The basic techmque and machiheiy for bringing the 
laminate componte according to the invention are generally known, arid, depending ujJbh the 
materials that irake up the various laminae, any of a variety of film lamination techniquw can 
tie-used. 

Rgs. 5 and 6 are sketches showing in general outline schemes for ccynstwcting the 
laminate embodiments of Figs. 1 A and 2A. Referring now to Fig. 5, there are showii rollers 51, 
52, and 54, carrying film materials to serve as, respectively, a spacing lamina 1 1 , a base lamina 
12, and a cover lamina 14. Slits 16 may be cut through spadng lamina 1 1 before it is rolled 
onto roller 51, so that the spacing lamina comes off roller 51 with the configuration of the 
microchannel structures already in place; or, as illustrated in Fig. 5, a cutting toor57 may 
operate to cut the slits in the predetermined pattern as spacing lamina 1 1 is drawn fi^om roller 
51. Similarly, access openings or reservoirs 9 can be formed by perforating base lamina 12 6r 
(as in Fig..5) cover lamina 14 before it is stored on roller 54. so that during assembly the cover 
lamina conies off roller 54 vwth the perforations already in place; or, as illustrated in'Rg. 5, a 
cutting tool 59 may operate to cut the predetermined pattern of perforations as cover lamna. 
14 is drawn from roller 54. In either method, preferred tools for cutting slits and perforations 
include lasers (laser cutting or laser ablation) and die cutting, for example; 

Laminae 11, 12. and 1 4 are apposed by drawing them between rollers 53 . As will be 
appreciated, it is essential that the perforated enclosing lamina be appropriately aliened. with 
the spacing lamina during the lamination process, so that the perforations will be siiitably 
aligned with the niicrochannels in the assembled device. Any registration technique may be 
used to ensure proper alignment in the longitudinal direction. Preferably, sprocket holes can be 
cut in one or both marghis of the laminae, and the respective spirocket botes caii be aligned on" 
a sprocket. It can be suitable to provide a sprocket drive at the rollers S3, for example. 

As noted generally above, certain of the components of tiie analytic process to be 
carried out in the device (buffer or solvent, separation media, etc.) can be k>aded into portions 
of the microchannel structure before use. Particularly, it may be d^irable to load certain of the 
constituents before enclosing the microchannels. This may be true, for example, if one or more 
constituents has a high viscosity at ambient temperatures, as may be true of certain 
electrophoretic separation media. Accordingly, as illustrated in Fig. 5, the assembled laminate 
formed of the spacing layer 1 1 enclosed by base layer 12 and cover layer 14 is drawn through 
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a fQIing workstation 69, by conventional tractor means, where the selected components are 
injected or drawn by suction into the .appropriate microchannels by way of the access 
perforations. 

And, as noted above,, where one or more components are provided 6n board the device, 
5 ^it maybe deafableto sfeal one or both surfaced of the device with release liners: Accordingly it. 
is optional, as shown in ¥tg, 5, as the assembled and filled lanunate is drawn toward takeup 
roller 55, to draw rdease lino's 16 and 18 froin rollers 66^ 68 and between follors 56, to 
appose the release liners onto the surfaces of the ehdodng laminae 12 and 14. Altematively, 
where the nonperforated enclosing layer is impermeable to the contents of the assembled arid 
10 filled micrpchannel laminate of spacing layer 1 1 and enclosing layers 12, 14, sufficient . 

protection oC the contents can be provided by the contact of the nonperforsited surface ^d the 
perforated sur&ce when the de\nce is rolled onto takeup roller 55, on which the device can be 
stored for use. 

Sinularly, referring now to Fig. 6, there are shown rollers 64, i62, carrying film niaterials 

15 to serve as, respectively, a cover lamina 1 4 and a base lamina 22. Channels or trenches 26 may 
be formed in surfkce 21 of base lamina 22 before it is rolled onto roller 62. so that the base 
lamina comes off roller 62 with the configuration of the microchanhelis already in pIace;^or, as 
illustrated in Fig. 6, a cutting tool (or other means, as described in more detail bdow with 
reference to Figs. 7 through 9) 67 may operate to form the trenches or channels in the 

20 predetermined pattern as baise lanuna 22 is drawn Srom roller 62. Suitable cutting techiuqu^ 
employ, for example, controlled laser ablation, using equipment and techniques well known in 
the laser nucromacluning industry. Suitable laser micromachining systems and protocols for 
thdr use.are available, fi-om, for example, Resonetics, Nashua, NH. 

Other means for forming channels, cavities or trehchies include but are not limited to" 

25 heat embos^ng, hot embossing, ultraviolet embossing, ultra>nolet curing of a liquid substance^ 
patterning a thin film which extruding or hot stamping a surface of a film layer prior to . 
lamination. Kiiown micromachining techniques including, e.g., photolithographic techniques, 
may also be employed in forming the^icrostructures in the film siirfaces. Alternative methods 
also include ultrasonic forming, pressure forming and thermal forming, vacuum forming, blow 

30 mold'mg, stretch molding, insert molding, injection molding, extrusion casting, compression 
molding, encapsulation processes, thermoforming and digital printing, any of which maybe 
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employed in a contimious-form process according to the invention. Any suitable techniques 
such as are kno^vn in the plastids micrpmachining art may be employed. 

.Sifh]Iar^|r, access openings or reservoirs 9 can be formed by perforating cover lamina 14 
before it is stored oh roller 64^ so that during assembly the cover lamina comes off roller 64 
with the perforations already in place; or, as illustrated in Fig. 6, a cutting tool 59 may operate 
to oit the predetermined pattern of perforations as cover lamina 14 is drawn from roller 64. In 
either method, preferred tools for perforating the cover lamina include lasers and die cutters, 
for example, as described above with reference to Fig, 5, for example. 

Laminae 14 and 22 are apposed by drawing them between rollers 63, and properly 
aligned as described above with reference to Fig. S. 

.. ■ Here, as in the embodiment of Fig, 5, the assembled de^ce can be provided with one or 
more of the analytical components on board. Components can be loaded into the assembled 
device by drawing the assembled lanunate formed of the base layer 22 and the cover layer 14 
through a filling workstation 69^ as described above with reference to Fig. 5. And, optionally 
where desired, as the assembled and filled laminate is drawn toward takeup roller 65, release 
liners 16 and 18 may be drawn from rollers 66, 68, and between rollers 56, to appose the 
release liners onto the surfaces of the laminate for protection. 

In some embodiments according to the invention, the reservoir and microchannel are 
formed in the base laniina, and the flexible circuit laminate forms a coyer lamina. In one 
approach, illustrated in Figs. 7a and 7b, the flexible circuit laminate (that is, the cover lamina) 
is made up of two layers, namely, a seal layer and a back layer. In this embodiment part of the 
conductive trace is formed on the back surface of the seal layer, and part is formed in the front 
surface of the back Iay«r. In another approach, illustrated in Figs: 8a and 8b, the flexible circuil 
layer is made lip of three layers, namely a seal layer, which carries no (conductive trace, and" ' 
two circuit layers, each carrying a conductive trace. One of these circuit layers is a bade layer, 
and the other is laminated between the back layer and the seal layer. 

Referring now to Figs. 7a, 7b, there is shown generally at 70 a portion of a 
microstructure device according to the invention, in transverse section thru a reservoir and 
microchannel and associated circuitry. The device consists of a base lamina 72, constructed of 
a generally planar plasfic material 74, a seal layer 76, formed of a low fluorescence polyma^ 
film 77. and a back layer 78, formed of a plastic film 79: Formed in the polymer base lamina 74 
are reservoir or well 71 and microchannel 73 of a microstructure. An opening 75 is formed 
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through the seal layer film 77 in re^sler with the reservoir 71. A front surface of seal layer fflm 
77 is proAaded with ah adhesive 82, which will serve to seal the seal layer and the base layer 
together when assembled, as shown in Fig. 7b. A rear surface of the seal layer is proA^ded with 
contact conductive trace portion or trace 83 of the drcuitiy. A detection clearance opening 80 
5 *i5 formed throughbacklayef film 79 in register with a detection zone of the microchannd 73, 
and a contact opening 81 is formed through back layer film 79 in register with the contact 
conductive trace portion 83: A firont surface of the back layer film 79 is proyided with a 
second conductive trace 85, having one region in re^ster with a region of the contact . 
conductive trace 83 and. another re^on in contact with a carbon electrode or electrode portion 
10 86, which in turn is in re^ster with the reservoir 71. A conductive adhesive 84 provides for 
. good conductive adhesion between conductive tracts 83, 85, when aissembled, as showii in 
Rg. 7b. It should be appredated that layers 72, 76 and 78 can optionally be sandwiched 
. betwewi top andf bottom release layers (not shown) similar to layers o^ 16,18 discussed 
above: The top release layer can seal reservoir 7 1 . The bottom rdease layer can be provided 
15 1?^th openings in registration with openings 80,81 in the back layer 78. Referring now to 
Fig. 7b, an electrical contact or electrode probe 88 in the analytical instrument contacts the 
conductive trace pprtion or contact portion of the drcuitry by way of the contact opening in 
the back layer, and a photodetector (not shown in the Figs.) detects the signal in the 
microchannel through the low fluorescence film of the seal layer by way of the detection 
20 openinjg 80 in the back layer. Cpnductive traces 83,85 and carbon electrode 86 are included in 
the electrical means of microstructurc device 70. 

Where laser-induced fluorescence detection is employed, preferred low fluorescence 
materials have sufficiently low fluorescence at the illuminating and back scattering wavdengths 
that the presence of the film in the optical path does not significantly reduce detection. 
25 Examples of suitable jsuch materials include impact modified acrylic {e.g., Rohm film 99530), 
polyethylene terephthalate ("PETO, polyolefins {e.g.^ Zeonex), and acetates. The.adhesive also 
preferably has low fluorescence characteristics, and preferably has surface characteristics 
. . similar to those of the wails of the channel, inasmuch as the adhesive will form one inner 
surface of the microchannel when assembled, and differences could a 
30 adversely affect electroflow in the channel. Suitable such adhesives include organic based 
acrylic adhesives. 
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Rderring now to Figs. 8a, 8b, there is shown generally at 170 a portion of an 
aheniative embodiment of a microstnicture device according to the invention, in transverse 
section thru a reservoir and microchannel and associated circuitry. The device consists of a 
base lanuha 172, constructed of a generally planar plastic material 174, a seal layer 176, 
formed of a low fluorescence polymer film 177, a back circuit layer 178, formed of a plastic 
film 179, and an intermediate circuit layer 190, formed of a polymer film 191. Formed in lhe 
polymer base lamina 174 are reservoir or well 171 and microchannel 173 of a micrpstiucture; 
An opening 175 is formed through the seal layer film 177 in register with the reservoic 171; A 
firont surface of seal layer film 177 is provided with an adhesive 182, which WUI swve to seal 
the seal layer and the base layer together when assembled, as shovyn in Fig. 8b. A back surfice 
of the intermediate circuit layer film 191 is provided with contact conductive trace portion or 
trace 183 of the circuitry, and a front surface of the intermediate circuit layer film 191 is 
provided with an adhesive 192, which will serve to seal the intermediate circuit layer film 191 
to the seal layer 1 77 when assembled, as shown in Rg. 8b. An opening 195 is formed through 
the iht^ediate circuit layer 190. in register with the op<sning 175 in the seal layer and with ., 
the reservoir 171. An intermediate detection clearance Opening.193 is formed through 
intermediate circuit layer film 191 in register with a detection zone of the microchinnel 173. A 
detection clearance opening 1 80 is fonned through back layer film 1 79 in register with a 
detepUon zone of the microchannel 173, and a contact, opening 18ris f6rm«jd through back 
layer film 179 in register with the contact conductive trace portion 183. A front surface of the 
backlayerfilm 179 is provided wth a second conductive trace 185, having one region in 
register with a region of the contact condiictive trace 183 and anothericgion in contact with a 
carbon electrode or electrode portion 186, wWch in turn is in register with the reservoir 171. A 
conductive adhesive 189 provide for good conductive adhesion between cohductive traces' ~ 
183, 185^ when assembled, as shown in Fig! 8b. It should be appreciated that layers 172, 176, 
178 and 190 can optionally be sandwiched between top and bottom release layers (not sto 
similar to layers or liners 16,18 discussed above. The top release layer can seal reservoir 171. 
The bottom release layer can be provided with openings in registration with bpenings 180,181 
in the back layer 178. Referring now to Fig. 8b. an electrical contact or electrode probe 188 in 
the analytical instrument contacts the contact conductive trace portion or contact portion of 
the drcuitiy by way of the contact opening in the back layer, and a photodetector (not shovm 
in the Figs.) detects the signal in the microchannel through the low fluorescence film of the 
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seal layer by way of the detection opening 1 80 in the back layer. Conductive traces 1 S3, 1 85 
and carbon electrode 186 are included in the electrical means of microstructufe device 170. In 
this embodtiirient, the flcTdble drcint laminate (made up of the two circuit layers) can be 
constructed separately froni the base layer and. seal l^er, because the seal layer does not 
tnchide any .drcuitry. Moreover, because in this embodiment there heed not be a good seal 
between the flexible circuit jaminate and the microchannels in the base layer, it iis not necessary 
that the flexible cjrciiit laminate have a surface that conforms precisely with the surface of the 
baselc^er; r ' 

An emboditnent of a nucrostructure array device according to the invention, provided 
with flexible circuitry constructed generally as described abbve^ is shown in Figs. 1 J a, 1 lb, 
11c. In tMs example^ the ^ongate flexible film laminate contains a plurality of micro^tructure 
arrays arranged s^ally lengthwise along the laminate. Each microstructure array in this 
illustrative embodiment includes four microstructures, each configured to carry out an analytic 
process. 

Referring now. to Fig. 1 1 a, there is shown a short segment of an elongate flexible film 
base lanuna or microstructure. device 302 which extends lengthwise beyond the range of the 
drawing; as indicated by brpken lines ext ending from the edges 3 10, 31 1 of the short segment. 
The short segment shown, which is limited by lines 303, indudes two successive microchannel . 
arrays 320, 321. Each of the microchannel arrays 320, 321 iri thi^ illustration contains four > 
microstructiires, two of which are indicated for example at 330, each configurckl and designed 
for carrying out a receptor binding assay, as described in detail in Example 1 below, with 
reference to Fig. 9. Near the edge 310 and associated with each array is a pin registration slot 
326, and near the edge 31 1 and a^fspciated with each array is a pin registration holei 327: 

Fig. 1 Ib .shows a.corresponding flexible circuit laminate or nucrostnicture device 304, 
which also extends beyond the range of the drawing, as indicated by broken lines extending 
from the edges 312, 313. The short segment shown, which is limited by lines 305, includes two 
circuit layouts 322, 323, each configured to serve a microchannel array 320, 321 (shown in 
Fig. 11a) in the assembled device. The flexible circuit laminate can be constructed generally as 
described above with reference to Figs. 8a, 8b, for example. The circuits consist of conductive 
traces (two are shown at 332, for example) each connecting a contact temiinal (two are shown 
at 333, for example) to four electrodes (334, for example) each located at a point 
corresponding to the positions of a reservoir in one of the four microstructures in the array. 
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Near the edges 312, 313, the flexible circuit laminate 304 is provided with pin ; ^ 
registration slots 328 and holes 329, associated with the circuit layouts such that when the 
base lamina and the flexible circuit laminate are assembled and the respiective slots and holes 
are aligned, precise superposition of the electrodes over the respective reservoirs is ensured:; 
5 Referring now to Fig. 1 Ic, there is shown generally at 306 a short segment of an embodiment 
of an assembled continuous form microstructure device of the invention, made by laminating, 
the base lamina of Fig, 1 la and the flexible circuit laminate of Fig. 1 lb. As in Figs. 1 la, 1 lb, 
the dievice extends beyond the range of the drawing, as indicted by broken lines extending from 
edges 314, 315; and the short segment shown, which is limited by lines 307, includes two . 
10 micrbstructure arrays 324, 325, each capable of carrying otit four receptor binding a^s^s V 
. under the control of the associatibd circuit laybiit. 

The laminate is constructed, as described above, so that the contact terminals are 
accessible by contact points through contact holes in the cover film: Accordingly^ as the 
laminate is carried through the analytical device, sets of contact points are brought into contact ' 
15 with the corresponding sets of contact terminals on the laminate device. The contact points, in 
turn, are connected to a source of electrical power, which is provided with controls to change 
the voltages at the electrodes in a pattern determined according to the sequence of dectroflow 
manipulaiions to be carried out in the micrbstructures over the course of the assay. 

EXAMPLES 

20 . Example 1 , Receptor Binding Assay 

This Example illustrates a microstructure configuration and method for carrying out A : 
membrane-recq>tor competitive binding assay acconling tcr 

III tlus Examplie, cell membrane receptors are attacHed to sdlid^phase capture ihedia for 
facilitating the use of protein receptors in a mierofluidic-based assay. Solid-phase attachment 
25 of the receptor can be achieved in one of several ways» including, e.^., the use of activated 
paraniagnetic b^ds br other synthetic particles. 

This assay is particularly applicable for receptors belonging to the seven transmembrane 
family or similar proteins whereiri the sequence of amino acids traverses the membrane 
muhiple times. These targets, e.g.^ the G-protein coupled receptor (qr GPCR), are more likely 
30 than others to require the physical environment of the membrane lipid bilayer for 
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physiologically relevant interactions. The dopamine receptor is a specific example, of the 
broader class of GPCR proteins. 

A membrane-receptor competitiYe-bindjng assay in regard to the above is provided. The 
iion-isotopic assay comprises of two binding events. The primaty receptprrligand affinity 
reaction can be ivntten.generally-as: 

L| + L* + (R) = (R>L» + (R>L, 

"freewill "bountf* in 

. supernatant solid-capture phase 

where the library test compound L, and labeled figand L* competie for receptor binding ^tes: 
(R) on the inunobilized cell membrane protein. Once the unbound ligand L% which reiriains 
"iree" in the supernatant^ is removed, then the bound ligand. which is completed with the 
immobilized receptor beads, can be detected using a fluorophpre-labeled secondary binding 
protein. If a biotinylated Kgand is employed in the primary bioaffini^ reaction, thei> solid- 
phase fluorescence detection is possible based on the following binding reaction: 

where represents, for example, an avidin-fhiorescein conjugate, as the other member of the 
secondaiy specific binding pair. Other protocols bas«l oh m^ods of the invention are also 
possible. For example, a detection scheme may be employed based upon depletion monitoring, 
ofthe labeled Kgand U. 

Such an assay can be carried out using a microfluidic assay device according to the 
invention, configuried, in one embodiment, as shown generally at 100 in Fig. 9. RdTemng now 
to Fig. 9, there is shown an assay laminate or microstnicture device 100, on which the 
microstructure i3 formed. The microstructureihclud 

connected in fluid communication by mii^ochannels. Particularly, device or card 100 includes^a 
zone 125 in which iiicubation is carried out and separation and detection can be carried out; a 
secondary capture and detection zone 135; a number of inlet reservoirs: reservoir 102, which 
serves as a supply of buffer solution; a reservoir 104, serving as a source of libraiy test 
compound ligand i; reservoir 106, serving as a source of a biotinJabeled ligand conjugate, or 
biotinyated tracer, reservoir 108, serving as a source of fluorophore-labeled secondaiy binding 
protein, or fluorescent tracer, reservoir 1 10, serving as a source of bead-immobilized, 
membrane-bound receptor; wash buffer reservoir 1 12; reservoir 114, serving as a source of an 
agent that cleaves the fluorophore tag from the fluorescent tracer conjugate; and capture 
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compound source reservoir 116; and a number of outlet resiervoirs: reservoir 124, to receive 
waste from the binding assay ih>m the fluorescent tracer conjugate; reservoir 1 26, to receive 
waste capture compound; and reservoir 128, to recdve waste supernatant from binding. 

Each reservoir <an be provided whh an dectrode that is conn^^^ 
5 dedrical powo^, and potential differences among the various electrodes can be controlled and 
maniindated to selectively induce electrokinetic transport to And from the reservoirs and withih 
the nucrochahnels and chambers. 

in prq)aration for the assay, the receptors ire immobiBzed as fbllow^^ 

beads, preacthrated to covalently bind protein, are bound to a lectin such as wheat geiih 
10 agghitinin (WGA). Upon completion of this step, unreacted or exposed bead surface is 

blocked from nonspecific interactions by incubation with a saturating concentration of carrier 
protein sbch as bovine senim albumin or gelatin. Then the WGA coated beads are co- 
incubated with coil membranes having on them the receptor of interest. This interaction may 

condude with an additiona blocking step, to remove or inactivate potential sit<» of nonsped^^ 
15 binding. 

With reference again to Fig. 9, the bioanalytical assay proceeds on the microfhiidic 
device 100 as follows. 

1 A fixed quantity of receptor-bound beads are introduced into reservoir 1 10. Then the 
beads are transferred, by means of an applied magnetic fidd or electrokinetic flow, to chamber 
125 by way of a microchahnel in fluid communication with the reservoir and the chamber. In 
this particular assay protocol, the beads are hdd in chamber 125 for the duration of the 
procedure. 

2. Next, the compound L, to be tested for bihdijiig ability is moved from reservoir 104 
by dectrokinetic means through communicating microchannds into chamber 125; and dther ' 
concurrently thtttwith or thereafter, a standard compound L' of known binding propeitiw, is 
moved from reservoir 106 into chamber 125. This latter compound L» comains a member of a 
directly or indirectly detectable signal-produdng ^stem, for example, covajently attached 
biotin. 

3. After an appropriate series of dectrokinetically driven wash steps using wash buffer 
moved from reservoir 1 12, a determination is made for the amount of unicnown compound L, 
that binds by determining the degree to which it displaces the standard compound Lv This is 
meisured by intrbdudng the secondary fluoro^labeled biriding protein into reaction chamber 
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125 from reservoir 108 and allowing the complex of compound and receptor, (R)-L», to react 
with the streptavidin which binds biotin with high affinity^ The amount of streptavidin captured 
is monitored directly when a fluorescent label is associated with the streptavidin. 

4. In some embodiments of the assay in this Example, the amount of fluorescent label 
associated with the membranes is determined by direct measurement in the capture zone. In. 
oth^r forms of the assay, the fluorescent label may be attached via a disuiflde bond (denoted by 
"^). TWs bond is readily cleaved under reducing conditions. Accordingly, dithiothreitol, or 
beta mercaptoethanol stored in reservoir 1 14 may be used to release the fluorescent label 
(denoted by 

5. The fluorescent labeled species can then be separated from other reactants by . 
electrokinelic or hydrodynamic enhanced electroseparation techniques. To facilitate detection;^ 
the inagnetic beads may be immobilized at a site along the capillary path. 125 by application of 
a magnetic field. The fluorescent label may be detected at that site prat a site 135.downstream 
therefrom. The fluorescent label may be detected in the fluorescent labeled species,, ot the 
fluorescent label niay be cleaved and detected separately. 

I2camplfe2. Enzyme Assay. 

This Example illustrates a microstructure configuration and method for cairying out an 
extzyme assay according to the invention, which can be particularly usefiil in highrthroughput 
pharmaceutical drug discovery and screening applications. 

In this Example, an enzyme, a labeled substrate, and an inhibitor are mixed and allowed 
to incubate, and then the labeled product of the en^matic reaction and the labeled lihreacted 
substrate are separated electrophoretically and each is quantitatively determined by detection 
of the label. - ' 

Such an assay can be carried oiit lising a microfluidic assay device according to the 
invention, configured, in one embodiment, as sho:wn generally at 200 in Fig. 10. Referring now 
to Fig. lb, there is shown an assay laminate or microstructure device 200. on which the 
microstructure is formed. The micrpstruipture includes an incubation chamber 250, an injection 
cross 275, an electirophoretic separation channel 285, and detection zone 295, connected in 
fluid communication by microchannels with a number of reservoirs, including inlet reservroirs: 
reservoir 202, for supply of enzyme, which is usually a kinase, and containing ATP and Mg^*; 
reservoir 204, for supply 6f labeled substrate S*, which is usually a fluorophore-labeled 
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peptide; reservoir 206, for supply of enzyme inhibitor, reservoir 2 1 8. serving as a supply of 
assay buffer, and employed to clectrokinetically transport the product mixture stream to an 
outlet reservoir 228; and reservoir 236, serving as a supply of running buffer, and employed to 
electfokifteticaMy transport a metered plug of the product mixture into the separation channel 
285 and the outlet reservoir 246; and a number of outlet reservoirs: reservoir 214, to recdve a 
mixture of excess enzyme, substrate, and inhibitor; rfcseirvoir 228, for receiving product 
nMxture stream; and reservoir 246, for receiving detection product waste. 

Each reservoir can be provided with an electrode that is connected to a source of 
electrical power, and potential differences among the various electrodes can be controlled and 
manipulated to selectively induce dectrokinetic transport to and from the reservoirs and within 
the microchannels and chambers. 

In some particular^ usefiil embodiments, the en^e inhibitor is a pharmaceutical drug 
candidate, and the assay is carried out to determine the effectiveness of the candidate as ah 
inhibitor for the particular enzyme. Usually the ^izyme is a^osine spebific protein kinase 
such as, for example, Src kinase; and usually the labeled substrate is a fluorophore-labeled 
peptid& such asj for example, cAol pq|>tide. 
. The eiizyme asMy proceeds oh the microfluidic device 200 as follows. 

1 . Mbdng. Reagents are moved clectrokinetically from inlet riwervoirs 202 

204 (substrate), and 206 (inhibitor) toward outlet resCTvoir 214. Mfadng of the reagents 
occurs in mixing cross 225 and in incubation, chamber 250. 

2. Incubation. The fluid flow is halted dectrbkineticalljr by adjustment of the various 
potentials in order to let enzyme, substrate and inhibitor incubate in incubatbn chamber 225. 

3. Injection. A continuous stream of the pcodua and excess reagent nuxture are moved 
out from the imabation iAamber 250 and into the ouUet reservoir ^^^^ using the inlet reser^h: 
21 8 as the source of the assay buffer to clectrokinetically drive the fluid tranqwrt. 

4. Separation. A plug of the product nuxture is electrokineticahy injected from the 
injection cross 275 into the electi^ophoretic separation channel 285 and then into waste outlet 
reservoir 246 using inlet reservoir 236 as the source of the running buffer to clectrokinetically 
drive the fluid transport. As a result of mobility shift produced by conversion of labeled 
substrate S* to product P*. S* and P* are separated electrophoretically as they are 
clectrokinetically transported in separation channel 285. Laser-induced fluorescence 
monitoring of the labeled substrate and product is achieved in the detection zone 295. Because 
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the mobility shift is usually expected to resiilt firom difTerences in charge/mass ratio between S* 
ai^ P"^, a gd matrix is usuaJly not required to achieve separation/ 
As the Examples ilhistrate, the invention is use&I in a \v^^ 
.. invoMng techiuques and protocols in fields for ^cample, cell biology, moleoilar biology^ 
S HLA tissue typing, and microbiology. More specifically, for example^ the invention can be . 
applied to techniques for inrnniiiodiagnostics, PNA purification fi-om whole blood and. other 
samples, ihRNA isolation, solid phase cDNA synthesis, receptor-binding assays, drug . 
screening and discovery^ and cell isolation. 

Other embodiments aire witlun.the following claims. For example^ assay defaces other 
.10 than microchannel devices can be adapted in a continuous form assay array format generally as 
described herein, to provide Mgh throughput systems. For &cample, the fluids (reagents, . 
samples, e/c.) employed in the assay can be mixed and measured in wells (that is, in cavities) 
constructed in an elongate laminate devici^, and not necessarily directed by microfluidic 
manipulation. 

IS . And, for example, microstructures or arrays of microstructures may be formed in more 
than one lamina in the laminated device according to the invention, so that rhicrostructuires in 
one laniina are superimposed over microstructures in another. The superimposed 
nucrostructures may, for example, carry out different but related processes or process steps in 
a fluidic process and, by providing for fluid communication between the laminae, fluids may be . 

20 transported firom one microstructure to another in the course of the process: This permits . . 
related processes to be. carried out in dose pro»mity under similar conditions, and without a 
. need for transfer of products or byproducts or intermediates from one reaction container (or . 
from one microstructure) to another. Fluid communication between laminae can be. provided 
by, for example, simply perforating the layer that separates the microstructures, and control of 

25 the flow through such a perforation can be done, preferably in a valveless fashion, by any of 
the various means employed for moving fluids within the microstructure of a lamina. 

As will be appreciated, although the device according to the invention is described 
above as being used in continuous processing form, individual microstructures or arrays in an 
elongate laminate made as described above can be separated one fi'om another, and used as 

30 discrete devicesjh **card"^ form, each containing a microstructure or an array of 
microstructures. As may be desired, the elongate laminate may, where such use is 
contemplated, be made easily separable between successive microstructures or arrays, for 
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example by perforating or scoring the laminate, 6r cutting the laminate partway through. Use 
of the laminate in this way preserves the advantages of continuous form in the manufacture of 
the device, and replaces advantages of using the device iti continuous forin vvith advantages of 
handling discrete card-fonn microfluidics devices. 
5 . Approaches to aligning the laminae during manufacture other than through holes or 

notches can be used, for example, techniques employing optical, electrical, and ultrasohic 
alignment, or employing other mechanical means such as ratchets. 

It should be appreciated that any of the microstructure devices described above, 
including those manufactured in accordance with the processes shown in Figs. 5 and 6 

10 described above, can be cut or diced into a plurality of discrete card-like microstaicture 
devices, each having a plurality and more specifically an array of discrete micrpstructures 
formed therein. Such card-like devices can be used for any of the uses described above. 
Although such card-like devices can be of any suitable size, in one preferred embodiment such 
devices can be sized on the order of a credit card. 

15 Another embodiment of the microstructure device of the present invention is shown in 

Figs. 12 and 13. Microstructure device 406 therein is formed from a laminated structure 
having a plurality of separate layers or laminae joined together. Microstructure device 406 is 
preferably a discrete or card-like device, but can also be an elongate flexible device suitable for 
storage on a reel. The microstructure device 406 is for use vAth a contact probe assembly 409 

20 having a plurality of contact probes 41 1 arranged in a predetermined pattern on any suitable 
support structure 412, shown in Fig. 12 as being a body 412 having a planar surface 413. The 
elongate contact or electrode probes 411 are made from any suitable conductive metal and in 
the embodiment of the contact probe assembly 409 shown in Fig. 12 a^^ 
cpnfpnnation and preferably compliant vertically to facilitate electrical cou ' ~ 

25 microstructure device 406. Each of the probes 411 is formed with a rbunded end 411a. The 
probes 41 1 extend perpendicularly from surface 413 in a predetermined pattern. Although 
probes 411 are shown as rigidly mounted on support structure 412 so as to remain static 
during operation, the probes can be mounted on the support structure 412 for retraction and 
extension from a plurality of bores that open onto surface 414. Separate electrical leads (not 

30 shown) are carried4)y support structure 4 1 2 for connection to each of the contact probes 411, 
Such leads are, in turn, connected serially or sepiarately to a controller (not shown) which 
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provides appropriate electrical signaisi preferably in the form of voltage potentials, to the 
probes 411. 

Microstiucture device 406 has a thickness ranging from approximately 100 microns to 
three niillimeters and preferably ranging from approximately 150 microns to one milH^ 
The microstructure device 406 includes a laminate structure 421 having first and second 
spaced-apart planar surfaces 422 and 423 which form two exterior surfaces of the laminate 
stnicture 421 (see Fig. 13). A first layer or lamina 426 is included within laminate structure 
421. The first lamina or card body 426 is mde from any suitable nonconductive material siich 
as plastic and can be relathrdy rigid.Qr flexible depending on the particular use of 
inicrostnicture device 406. In one embodiment of a card-like device 406^ the first lamina 426 
is Relatively rigid to provide rij^dity to the device 406. Alternatively, other layers in the 
laminate stnicture 421 can be relaUvely rigid,; in addition to or instead of a rigid lamina 426, if 
a rigid microstructure device 406 is desired. Rrst lamina 426 has a first planar surfece in the 
form of first or top surface 422 and a second plaihar isurface 427 spaced apart from the top 
surface 422 and interior of the laminate structure 421 . 

The laminate stnicture is pro\nded vrith at least one microstructure 428 of capillary . 
dimensions, and preferably a phirality of miorostructures 42S, formed therein and extending in 
a direction parallel to the parallel surfades 422 and 427 of the first lamina 426. For simplicity, 
only one microstructure 428 is shown in Fig. ;12, More specifically, each of the 
microstructures 428 is formed in first lamina 426 and extends through one of the plariar 
surfaces 422, 427 of the first lamina. As shown in Fig. 1 3, microstructures 428 open onto 
second or lower surface 427 of the fir3t lamina 426. Each microstructure 428, as shown in 
Rg. 12, preferably includes at least first and second microchanhels 43 1 and 432 which meet at 
an intersection 433; I^miinatesthictiire 421 is provided with at least one and as shovm a " " 
phiraGty of holes or wells 436 in fluid communication Syith each microstructure 428. In one 
prefored embodiment of microstructure device 406, first and second wells 436a and 436b are 
provided at the first and second end portions of first microchannel 431 arid third and fourth 
wells 436c and 437d are pro^^ded at the first and second ends of second microcharinel 432 It 
should be appreciated that the Wells 436 can be provided at other locations within 
microstructure 428 and be within the scope of the present invention. Each of the wells 436, as 
shown with respect to first well 436a in Fig. 1 3, is adapted to receive a fluid and consists of a 
bore extending between surfaces 422, 427 of first lamina 426 and is accessible from the top 



wo 99/19717 i< PCT/US98ai869 

surface 422 of the laminate structure 421 . Wells 436 can be sized to receive approximately 
one microliter of such fluid. . 

Laminate structure 421 includes a second layer or lamina 44 1 made from any suitable 
non-conductive material such as plastic. Second lamina or film 441 has a first planar surface 
442 and a second planar suiface in the form of second or bottom surface 423 which is spaced 
apart from and parallel to the top surface 422. Second lamina 441 is secured to first lamina 
426 by anysuitable means such as an adhesive layer 443 disposed between surfaces 427 and 
442. In an alternative embodiment, surfaces 427 and 442 can be difRision bonded together 
and adhesive layer 443 thus eliminated. 

A phirality of electrical means 444 are at least partially carried by second lamina 441. 
The electrical means 444 are preferably equal in number to the number of wells 436 provided 
in laminate structure 421 such that each of the wells 436 has a corresponding electrical means 
444: Each of such electrical means 444 includes an electrode portion 444a in communication 
with any fluid provided in the well 436 and a contact or pad portion 444b spaced apart from 
electrode portion 444a and not in contact with any such fluid in well 436. An interconnect 
portion 444c connects the electrode portion 444a to the contact portion 444b. In the 
embodiment of the microstructure device shown in Figs. 12 and 13, each electrical means 444 
extends through a bore 446 between surfaces 442 and 423 of the second lamina 441 such that 
the electrical means resembles a circular plug or disk disposed in the second lamina 441. Bore 
446 has a diameter smaller than the diameter of well 436 so as to minimize fluid contact with 
the material of electrode portion 444a. The electrical means 444 are each made from any 
suitable material such as conductive carbon ink. Conductive metals such as silver, copper, 
gold, platinum and palladium, other conjductive inks such as metalized inks and blends of 
conductive materials and polymers such as conductive epoxies and conductive adhesives afe " 
also suitable materials for electrical means 444. Electrode portion 444a is disposed adjacent 
first or upper surface 442 of the second lamina and interconnect portion 444c is disposed in 
bore 446. Contact portion 444b is disposed adjacent bottom surface 423 of the second lamina 
44 1 and underlying the electrode portion. The contact portion 444b can extend downwardly 
from bottom surface 423 and have a rounded end as shown in FIG. 13. The diameter of the 
contact portion 444b is larger than bore 446 so that a portion of the contact portion sits on the 
bottom surface 423 for facilitating retention of the electrical means 444 in bore 446 during 
engagement with contact probes 41 1 . Electrode portion 444a and contact portion 444b are 
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aligned with the respective well 436 and electrode portion 444a forms at least a.portion of the 
bottom surface of such Well 436: 

Contact portions 444b are accessible from the exterior or bottom surface 423 of 
ianpnate stnicture 421 and imcrostnicture device 406 without need of penetrdtihg any of the 
5 layers of such structure 421 and de^nce 406. In addition, contact portions 444b are arranged 
on bottom surface 423 in a pattern which corresponds to the predetermined pattern of contact 
probes 411. As such^ the contact probes 411 can raster with and sinniltaneously or . 
. . oth^wise engage respective contact portions 444b when micrdstructure device 406 and 
support strocture 412 are moved relative to each other into close proximity mth each other. 
.10 ■ A£crostructure device 406 can optionally include a third 

any suitable material such as plastic. The third lamina 448 overlies each of wells 436 and is 
secured to laminate stnicture 421 by any suitable means such as heat bonding so as to suitably 
secure any fluid located within the wells. Alternatively, the. cover lamina 448 can be 
removably or temporarily secured to the laminate structure 421 i>y an adheisive or any other 
1 5 suitable means to permit removal and reattachment of the cover lamina: The third lamiiia 448 
has a first or upper planar surface 451 whiclii serves as an exterior surface of microstnicture 
device 406 and a second or lower planar suiiace 452 which is adhered to top surface 422 of 
laminate structure 421 by a pressure sensitive adhesive,, heat bonding or any other suitable 
means. 

20 In operation and use, a fluid and preferably a liquid is provided in each well 436.. A 

fluid 453 is shown in Fig. 13 in first well 436a. Such fluids can be suppli^ to wells 436 during 
manufacture of imicrostructure device 40i6 or immediately prior to use of the device 406 and 
can be a single fluid or a plurality of fluids of different composition. Fluids can be sealed in the 
wells 436 by means of third or cover lamina 448: Cover iamir>a 448 permits fluids to be 
25 supplied to wells 436 during manufacture of the device 406 and stored therein during 

. transport. Prior to use, the cover lamina 448 can be pierced if additional fluids need be added . 
to one or more wells 436 or, if the cover lamina 448 is removable, removed for the supply of 
. . such additional fluids and optionally reattached thereafler. Cover lamina 448 advantageously 

inhibits evaporation of fluids contained in wells 436 and microstructures 428. 
30 Contact portions 444b and contact probes 41 1 are brought into engagement to permit 

electrical coupling thereof. In this regard, microstructure 406 can be placed upon contact 
probes 41 1 or, alternatively, contact probes 41 1 brought into contact with the microstructure 
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device 406. Iii either instance, contact probes 41 1 simultaneously engage respective contact 
portions 444b. A force can optionally be applied to the top surface of microstructure device 
406 to enhance electrical contact between contact portions 444b and contact probes 4 1 1 . A 
distributed force can be applied to the top surface of device 406 by means of pressurizing the 
top surface in a conventional manner with any suitable fluid such as air or argon gas. 

Microstructure devices 406 can be used in any of the procesises described or referenced 
above. During such processies, the fluids provided in wells 436 can be elecirokineticalfy 
transpbrted through microstructure 428 by means of voltage differentials provided between 
appropriate wens 436. Probes 411 provide a predetfermined voltage potential to one or more 
electrode portions 444a when such voltage potential is supplied by the controller. The . 
sequence and tiniing of such voltage potentials determine the manner in. which fluids flow 
through microstructures 428. 

It should be appreciated that aU or portioiis of cover lamina 448 and laminate structure 
421 can be made from materials which are optically transq)arent so. as to permit optical 
detection of the fluids within ihicrbstructuFes 428 and/or wells 436. Altematively, 
microstriicture device 406 can be adapted for use vrith other conventional detection devices 
for determining characteristics of the fluids within microstnictures 428 and/or wells 436. 

Microstructure device 406 permits electrical potehtiajs to be provided to each of the 
wells 436 therein without the need of contact probes 41 1 being inserted directly into the fluid 
within such wells; instead, electrical probes 4 1 1 each engage a contapt portion 444b whidi 
transmits the electrical potential of flie contact probe 41 1 to electrode portion 444a in contact 
with the fluid within the weU 436. Contact probes 41 1 arc thus not contaminated with the 
fluid of the wells:436 and can be used in the operation of a second microstructure 406 without 
fear of mixing the fluids fi^m the first microstnicture device with the fluids in the second ' ~ 
microstructuredevice. As can be seen, contact probes 41 l ean be repeatedly used in a process 
which sequeiitially analyzes and/or detects characteristics of fluids Applied to a plurality of 
microstructure devices 406. The close proximity of the elcctrbde portions 444a to the contact 
portions 444b inhibit current losses in the electrical means 444. . 

Microstnicture device 406 can be used in the manner discussed above with other 
contact probe assemUies. For example, a portion of another contact probe assembly 456 b 
shown in Fig. 13. The assembly 456 is substantially similar to probe assembly 40S| except that 
a plurality of traces pads 457 are arranged on body 413 in a predetermined pattern instead of 
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cohtact probes 41 1. Each pad 457, one of which is shown in Fig/ 13y ^ 
electric^ trace.4S8 disposed on surface 414 of the body. The traces 4S8 are made from any . 
. * suitable material such as copper, silver, platinum, palladium, conductive carbon or platinum- 
laden polymors and other conductive inks such as nietalized inks and blends of conductive 
S . materials and polymers such as conductive expoxies and cdnductiv^ adhesives formed on. . 

. surface 414. These materials can be so dispo|sed on surface 414 by vapor deposition, screen or . 
other printing, other traditional flex drcuit methods or any other suitable meani Trace pads 
457 can be made from any suitable material such as gold and/or the materials listed above for 
traces 458 and b^ formed on the end of the respective trace by any of the methods discussed 

10 above mth respect to the traces 458. The bulbous contact portions.444b of microstructure 
de^ce 406 dep^d from bottom surface. 423 so as to facilitate eiectrical contact between the 
. contact portions 444b and pads 457. . 

In another embodiment; a niicrostnicture device 46 1 substantially similar to the 
mio-ostructure device 406 and for use with contact probe assembly 409 is shown in Fig. 14. 

15 Like reference numerals have been used to describe.like components of microstructure devices- 
406 and 461 , • A lanunate structure 462 substantially similar to lanriinate structure 42 1 is • 
inchided within microstructure device 461^ A second layer or lamina 463 is included in 
laminate structure 462 and. has a first or upper planar surface 466 and a second planar surface 
. in the. fonnof.bottom surface 423. of the Janunate structure 462 Although the second lamina 

20 463 is shown as being secured to first lamina 426 by an adhesive layer 467, it should be 

appreciated that surfaces 427 and 466 can be heat bonded or sealed together by any other . 
suitable means. Microstructure device 461 is shown with a cover lamina 448, but.it should be 
appreciated that the device 461 can be provided without, a cover lamina 448 so that wells 436 
are each accessible from the top surface or exterior of microstructure device 461 . 

25 A plurality of electrical means 47 1 are at least partially carried by second lamina 463 , 

The electrical means 471 are preferably equal in number to the number of wells 436 provided 
in laminate structure 462 such that each of the wells 436 has a corresponding electrical means 
47 1 . Each of such electrical means 47 1 includes an electrode portion 47 1 a which can 
communicate with the fluid supplied to the well 436 and a contact or pad portion 471b spaced- 

30 apart from electrode portion 471a and not in fluidic contact with any such fluid. Electrical 

means 471 each include a trace portion or trace 471c which electrically connects the respective 
electrode 471a to the contact portions 471b. As can be seen from Fig. 14, contact portion 471 
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is disposed adjacent and more specifically formed oh bottom surface 423 . Electrical trace 
471c extends from the contact portion through a passage 472 eTctending transversely aiid more 
specifically diagonally between surfaces! 466 and 423 of the second lamina 463 and has a 
further portion disposed on the upper surface 466 underlying electrode portion 471a. Second 
lamina 463 can be made from any suitable flex circuitry miaterial such as acrylic, polyimide or 
PET: Contact portions 471b and portions of trace 471c can be formed from any suitable 
material such as copper, silver, platinum, palladium^ conductive carbon or platinum-laden 
polymers aiid other conductive inks such as metaiized inks and blends of conductive materials 
and polymers such as conductive expoxies and conductive adhesives formed on the 
aforementioned surfaces of second lamina 463. These materials can be so disposed on §uch 
surfaces of the second lamina by vapor deposition, screen of other printing, other traditional 
flex circuit methods or any other suitable means. Electrode portions 47Ia can be formed from 
any suitablie material subh as gold and/or the materials listed above for contact ii>ortions 47lb 
and traces 471c and be formed on trace 471c by any suitable means such as thoseidescrib^ 
above with respect to contact portions 47 lb and traces 471c. Each of the electrode portions 
471a is shown as forming at least a portion of the bottom surface of the respective well 436. 
Alternatively, the electrode portions 471a can form the entire bottom surface of the well 436 
or merdy make fluidic contact with the well from a side wall or otherwise. Contact portioris . 
471b are accessible from the exterior or bottom surface 423 of laminate structure 461 and 
microstructure device 461 aifid are each preferably spaced-apart from the centerline of the - 
respective well 436. The contact portions 471b are arranged on the liriderside of. 
microstructure device 461 in a pattern corresponding to the pattern of contact probes 41 1 dii 
support structure 412. 

. Microstructure device 461 can be operated with contact probes 4 1 1 in substantially the 
same manner as de^bed above With respect to mid-ostructure device 406. Rounded ends 
411a of the contact probes 4] j cari simultaneously engage the contact portions 471b for . 
pr6\ading the desired electrical potential to the fluid in each of wells 436. 

Microstructure device 461 can also be used in the manner discussed above with other 
contact probe assemblies. For example, a portion of another contact probe assembly 476 is 
shown in Fig, 14.^ The assembly 476 is substantially similar to probe assembly 409. except that 
a plurality of traces pads 477 are arranged on body 413 in a predetermined pattern instead of 
contact probes 411. Each pad 477, one of which is shown in Fig. 14, is formed on an 
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electrical trace 478 disposed on surface 414 of the bcxfy. The traces 478 are made irom aiiy 
suitable material such as those described above with respect to triices 457 ofeontact probe 
assembly 456 and are disposed on surface 414 by any suitable method such as those discussed 
above with respect to traces 457. Trace pads 477 can be made from any suitable material such 
as those described above vnth respect to electrical means 444. The bulbous trace pads 477 
extend upwardly from surface 414 and traces :478 of contact probe as^mbly 476 so as to 
fotalitate dectricd contact between the contact portions 471b and trace pads 477. 

A furthd- embodiment of a microstructure device of the present iny^ 
Rgs. ISand 16. Nficrostiiicture device 48l thcran is MibstantiallysinuI^ 
devices 406 and 461 and is for use with contact probe assembly 409. Like reference numerals 
have: ^ used to describe like components of devices 406, 461 and 481. A laminate structure 
482 substantially similar to laminate structure 421 is provided in microstructure device 481. 
Laminate structure 482inciudiss a.first layer or lamina 483 which is substantially similar to first 

lamina 426 and has first and second planar surfeces 486 and 487 extending in paralld 
15 directions. At least one and preferably a plurality of microStructures 428 are pn>>aded in 

laminate structure 482. One of microstnictures 428 is shown in Fig. 1 5 and a portion of such 
nuoostnicture 428 is shown in Rg. 16. The nucrostructures 428 are formed in laminate 
structure 482 in the same manner as th^ are formed in laminate structure 421; Specifically, 
each of the microstructurcs 428 is formed in first lamina 483 and opens onto second or lower 
suifece 487 of the lainina 483. A plurality pf \vells 436 extend between surfaces 486 and 487 
in fluid communication with the microstnicture 428 and are each accessible from first or top 
sur&ce 486 of lanunate structure 482. 

Lannhate structure 482 indodes an optional second layer or lamina 488 made from 
plastic or any other suitaUe material. Thin film or lamina 488 has a first or upper planar ' ~ 
25 sur&ce 491 and a second or lower planar surface 492 parallel to the upper surface 491 . The 
upper sur^e 491 is secured to the lower surface 487 pf first lamina by diffusion bonding or 
any other suitable method. A bore 493 having a diameter substantially equal to the diameter of 
the well-forming bore in first lamina 483 extends between surfaces 49 1 and 492 for forming a 
part pf well 436b. The combined thicknesses of laminae 483 and 488 determine the depth pf 
30 wells 436. If a thm layer film is used fpr second lamina 488. the thickness of first lamina 483 
can be increased to provide the desired depth to wells 436. 
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A third layer or lamina 496 is included in laminate structure 482, The third lamina 496 
is substantially similar to second lamina 463 and has a first or upper planar surface 497 and a 
second or lower planar surface 498. Upper surface 497 ofthe third lamina 496 is secured to 
lower surface 492 of second lamina 488 by an adhesive layer 499 or any other suitable means* 
Upper surface 486 of the first lamina and lower surface 498 of the third lamina 496 form the 
top and bottom surfaces of laminate structure 482/ 

A plurality of electrical me^s SOl are at least partially carried by third lanuna 496 for 
each microstructure 428 such that each of the wells 436 has a corresponding dedtrical means 
501. More specifically, each electrical means 501 is disposed on upper surikce 497 of the third 
lamina496. Each such electrical means 501 has an electrode portion SOla, a pad or contact 
portion 501b and a trace portion or trace 501c. The electrical trace 5blc is made from any 
suitable material such as any of the materials discussed above with respect to contact portions 
471b and traces 471c and is disposed on upper surface 497 by any suitable means such as iny 
of those described above with respect to contact portions 471b and traces 471c. The trace 
501c has a first end portion underljing the respective well 436 and a second spac6d-a^art «id 
portion underl)^ng an access bore 502 extending between upper and lower surfaces 486 and 
487 ofthe first lamina 483 and an access bore 503 extending between upper and lower 
surfaces 491 and 492 of second lamina 488. Electrode portion 501a consists of alayer of 
material disposed on the first end portion of trace 501c undertying well 436. Electrode portion 
501a is shown in Fig, 16 as forming at least a portion ofthe lower surface of the well 436. 
Contact portion 501b consists of a layer of material disposied on the opposite second end 
portion of trace 501c and serves as the lower surface of access bores 502 and 503. Adheave 
layer 499 extends around the base of bore 493 and over the portion of trace 501c between 
electrode portion 501a and contact portion 5Qlato provide ^ fluid seal at the bbttorn of the " 
wdl 436. The electrode portion 501a and the contract portion 50lb can each be made from 
any suitable material such as any ofthe materials discussed above with respect toelectrode 
portions 471a and caii be formed by any aiitable means such as any of those described above 
with respect to contact portions 471b and traces 471c: Contact portions 501b are arranged on 
the bottom surface 498 of laminate structure 482 in a pattern corresponding to the pattern of 
contact probes 41 1 on support structure 4 12 and are accessible from such bottom surface 498; 

Microstructure device 481 can optionally include a fourth layer or lamina 506 
substantially similar to cover lamina 448 and having a first or upper surface 507 and a second 
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or lower surface 508 heat bonded or otherwise suitably secured to upper surface 486 of the 
first lamina 483. Cover lamina 506 overlies each of wells 436 so as to sealably secure the fluid 
453 within the well. An opening 509 is provided in cover lamina 406 in registration with 
access bores 502 and 503 for permitting contact probes 41 1 to engage contact pprtions 501b. 

Microstructure device 48 1 can be operated in substantially the same manna' as 
described above except that contact prdbes are dftjkJi^^ above the device 481. In this regard, 
contact probes 411 arc; portioned above nucrostilicture device 481 such that rounded ends 
41 la of the contact probes 41 1 face downwardly toward openings 509 and contact portions 
501b. When it is desired to transport fluids within microstructures 428, the microstructure 
device 481 and contact probes 41 1 are moved relative to each other such that rouiided ends 
411a enter openings 509 and electrically engage contact portions 501b. 

The engagement of contact probes 41 1 with the top of microstmcture device 481 allow 
less' obscured access to the bottom of device 481 for purpose of optical detection and/or 
temperaturie cpiitrol. Second lamina 488 provides an opposing surface 491 to the 
mid-ostiuctures 428 formed in the first lamina which is not an adhesive; the inclusion of the 
second lamina 488 facilitates fomung microstructures 428 fi'bm walls that are all of the same 
material, which can be advantageous in certain processes of device 48 K In addition, the 
absence of fluid contact with the adhesive permits a broader selection of adhesives to be 
considered.for adhesive layer 499. 

An embodiment of another microstructure device is shown in Fig. 17 where a portion of 
microstructure deyice 521 is depicted. Thp microstructure device 521 is substantially similar 
to microstructure device 406 and like reference numerals have been used to describe like 
components of devices 406 and 521. A laminate structure 522 substantially similar to laminate 
structure 421 is provided. A first lamina 426 having a plurality of nucrostructures 428 formed 
therdn is included in the laminate structure 522. For rimplicity, a portion of only a single 
microstructure 428 and one of the plurality of wells 436, specifically first well 436a, is shown 
in Fig. 17. A second layer or lamina 523 made from any suitable flex circuit material such as 
acrylic, polyimide or PET is included within laminate structure 522 and has a first or upper 
planar surface 526 and a second or lower planar surface in the form of bottom surface 423 of 
the laminate structure 522. Although the second lamina 523 is shown as being secured to first 
lanuria 426 by an adhesive layer 527, it should be appreciated that surfaces 427 and 528 can be 
heat bonded or sealed together by any other suitable means. Microstructure device 521 is 
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shown with a cover lamina 448, but it should be appreciated that the device 521 can be 
provided without a cover lamina so that wells 436 are each accessible from the top surface or 
exterior of microstructure device 521. 

A jphirality of electrical means 531 for each microstructure 428 are at least partially 
carried by second lamina 523 such that each of the wells 436 has a corresponding electrical 
means 531. More specifically, each electrical means 531 is disposed on upper surface 526 of 
the second lamina 523; Each such electrical means 531,ha$ an electrode portion 531a, apad 
of contact portion 531b aiid a trace portion or tracjS S3 Ic. Trace S31e is made £rom any 
suitable material such as.any of the materials discussed above with respect to contact pbrtidns 
471b and traces 471c and is di3posed on upper surfaced 526 by any suitable means such as any 
of those described above with respect to contact portions 471b and traces 471c. The trace 
531c has a first end portion underlying the respective well 436 and a spaced-apart second eiid 
portion underlying a recess or cavity 532 formed in first lamina 42£i and operung onto lower 
surface 427 thereof Electrode portion 53 1 a consists of a layer of material deposited on the . 
first end portion of trace 53 I c underlying well 436 and is shown in Kg. 17 as forming at least a 
portion of the lower isurface of well 436, Contact portion 53 lb consists of a layer of material 
. disposed on the second end portion of trace 53 1 c and preferably extends across the entire 
opening of recess 532 in lower surface 427. The electrode portion 531a and the contract 
portion 531b can each be made from any suitable material such as any of the materi^s 
discussed above with respect to electrode portions 471a and can be (brmed by any suitable 
means such as any of those described above with respect to contact portions 471b and traces 
471c. 

Nficrostructure device 521 is for use with a contact probe assembly (not shown) having 
piercing contact probes 537 and otherwise substantially similar to contact probe assembly 409^ 
Contact probes 537 are substantially similar to contact probes 41 1 except that the probes 537 
are capable of piercing the second lamina 523 and electrical means 53 1 . Piercing contact 
probes 537 caii have sharpened tips 537a. A portion of one contact probe 537 is shown in 
dashed lines in Fig. 17. Like.contact probes 41 1, the probes 537 are arranged on support 
structure 412 in a predetermined pattern. 

The second lamina 523 has a thickness and hardness which permits sharpened tips 537a 
of the contact probes 537 to penetrate the second lamina 523. Contact portions 53 lb and the 
portion of traces 531c thereunder are also of a thickness which permits penetration by 
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shaipened tips S37a. Contact portions 53 lb aire arranged oil microstructure device 521 in a 
pattern corresponding to the pattern of contact probes 537. In a preferred embodiment, the 
number of contact probes 537 is at least equal to the number of contact portions 53 lb. 

Microstructure device 521 can be operated and used in a manner described above. 
When it is desir^ to dectrokiifietically transport the fluids within wells 436 of the 
microstructtires 428 in the device 521; the operator causes relative movement between the 
structure dracc 521 and the contact probe assqnbly so that sharpened tips 537a- of the contact 
probes 537 penetrate second lamina 523 and contaa portions 531b and thus make electrical 
contact with electrical medns 531. Thereafter, desired voltage potentials can be applied to the 
fluids in wells 436. The placement of puncturable contact portion 53 lb internally of 
microstructure device 521 eliminates exposed contact portions, which can be damaged from 
handling. The piincturatfle lamina 523 eliminates the need of access bores through other layers 
of laniinate structure 522, which can add cost to the de^ce 521. 

In another embodiment of the invention, microstructure device 55 1 for use vnih contact 
probe assembly 409 is shown in Figs. 18 and 19. Microstructure and device 551 is preferably 
a card-like device, but can also be an elongate flexible device suitable for storage on a reel. As 
such, microstructure device 551 can have a size and shape similar to microstructure device 
406. The device 551 includes a laminate structure 552 having a first or top planar surface 553 
and a second or bottom planar surface 554 spaced apart. fi-om the top planar surface 553. The 
surfaces 553 and 554 form a portion of the exterior of the laminate structure. A first layer or 
larhina 557 is included within lanrynate structure 552 and is made from any suitable non- 
conductive materials such as plastic. The first lamina 557 can be relatively rigid or flexible 
depending on the particular use and configuration of the microstructure device 55 1 . 
Aitemativdy, other layers in lanunate structure 552 can be relatively rigid, in addition to or 
instead of a rigid lamina 557, if a rigid microstructure device 551 is desired. First lamina 557 
has a first planar surface in the form of first or upper surface 558 and a second planar surface 
554.spaced-apart firom the upper surface 558. 

The laminate structure 552 is provided with at least one microstructure 428 and 
preferably a plurality of microstructures 428 formed therein and extending in a direction 
parallel to the parallel surfaces 558 and 554 of the first lamina 557. A plurality of three 
microstructures 428, namely first microslruclure 428a, second microstructure 428b and third 
microstructure 428c, are shown in Fig. 1 8. A portion of third microstructure 428c is shov^ in 
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Fig. 19. Each of the microstnictures 428 is formed in first lanuna 557 and opens through one 
of the planar surfaces 554^ 558 of the first iamiiia. In the embbdiment shown, the 
microstiuctiires 428 open onto upper surface 558 of the first lamina 557; Laminate structure 
552 has at least one and as shown a plurality of holes or wells 561 substantial^ similar to weUs 
436: Spedfically, fint and second wells 561a and 561b are provided at the first and second 
ends of first nucrochannel 431 and third and fourth wells 561c and 561d are provided at the 
first and second ends of second microchannel 432. It should be appreciated that wells 561 can 
be provided at other locations within microstructure 428. For example, a fifth well 561e is 
provided in an intermediate portion of first microchannel 431 between wells 50.1a and 561b. 

Laminate structure 552 has a second layer or lamina 566 made fi-om any suitable nbn- ■ 
conductive material such as plastic overlying first lamina 551. More specifically, second . . 
lamina 556 can be made fi-om any suitable flex circuit material such as acrylic, polyimide:or 
PET. The second lamina 556 has a first or upper planar surface 567 and a second or lower 
planar surface 568 which is spaced-apart from and parallel to upper surface 567^ A portion of 
microstructure device 551 is cut away in Fig. 18 to ©cpose a portion of upper surface 567. 
Second lamina 566 is secured to first lamina 557 by any suitable means such as heat bonding 
together surfaces 558 and 568. A plurality of bdres 569 extend through surface? 567 and 568 
for forming the first or lower segment of respective wells 561; ." . 

A plurality of electrical means similar to the electrical means described above are at 
least partially carried by second lamina 566. More specifically, such electrical means are 
carried by upp^ surface 567 of the second lamina 566 and thus extend in a single plane. A 
plurality offour electrical means 576-579 arc showm in Figs, 18-19. First electrical means 576 
includes an electrode portion 576a, a pad or contact portion 576b and a trace poition or trace 
576c. Electrical trace 576c is made from any suitable material such as any of the materials' ~ 
discussed above for contact portions 471b and traces 471c disposed on surface 567 by any 
suitable means such as any of those described above with respect to contact portions 471b and 
traces 471c. The trace 576c has a plurality of first end portions adjacent the respective first 
wells 561a of first microstructure 428a, second microstructure 428b and third microstructure 
428c. The first end portion oftrace 576c in the vicinity offirst well 56ia for tWrd 
microstructure 428c is shown in cross^section in Fig. 19. Such trace end portion is annular in 
shape, although any suitable shape can be provided. An electrode portion 576a of any suitable 
shape is disposed on the first end portbn of each trace 576c. The electrode portion 576a for 
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• first well S61a of third micrbstructure 428c is annular in ishape diid extends ardiind the 
respective bore 569 in the second lamina 566. More specifically, such annular electrode 
portion S76a is concentrically disposed about the well 56 1 a. An opening is provided in the 
center of each annular electrode portion 576a for fom^ of the respective well S61a. A 
5 contact portion 576b is disposed on the second end portion of each trace S76c. Thb electrode 
portion 576a and the contract portion 576b can each be made from any suitable material ^ch 
as arty of the materials discussed above with respect to electrode portions 471a and can be 
formed by any suitable means such as any of those described above with respect to contact 
portions 471b and traces 471a 

10 Second electrical means 577 has an electrpdisf portion 577a, a pad or contact portion 

577b and a trace portion or trace 577c substantially ssmijar in construction and material to the 
conesponding portions of first electrical means 576. The electrical trace 577c has a plurality -, 
of first end portions adjacent each of second wells 5iSlb.and a second end portion Jn the 
Adcihity of the contact portion 576b of the first electrical nieans 576. An electrode, portion 

15 577a of any suitable shape is disposed on the first end portion of each trace 577c. As can be 
seen firom ipig. 1 8^ the electrode portion 577a for first microstructure 428a is arcuate or 
horseshoe in shape. Spedfically, electrode portions 577a and the portion of tracei 577c . 
thereunder each subtend an angle of approximately 90*^ about thei centerline of the respective 
well 561b. . Contact portion 577b is disposed on the second end portion of trace 577c adjacent 

20 contact portion 576b. 

Third electrical means 578 has an electrode portion 578a, a pad or contact portion 578b 
and a trace portion or trace 578c substantially similar to the corresponding portions of second 
electrical means 577- Electrical trace 578c has a first end portion adjacent each of third wells 
561c and a second end portion adjacent contact portions 576b and 577b. An electrode portion 

25 578a is deposited on the first end of each trace 578c adjacent the respective well 561c and 
engages only a portion of the well 561c. Each electrode portion 578a and the portion of the 
trace 578c thereunder subtend an angle of less than approximately 30** with respect to the 
centerline of the respective well 561c and are disposed in the well diametrically opposite the 
entrance of microchannel 432 in the well. Contact portion 578b is deposited on the second . 

30 end portion of trace 578c in the vicinity of contact portions 576b and 577b. Fourth electrical 
means 579 has an electrode portion 579a, a pad or contact portion 579b and a trace portion or 
trace 579c, each formed of the materials of the corresponding portions of the first electrical 
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means 576 and deposited onto upper surface 567 in the same manner as first electrical means 
576. The electrical trace 579c has a first end portion adjacent each of fourth wells S61d aiid a 
second end portibn in the vidnity oiF contact portions 576b, 577 and 578b. An electrode 
portion 579a is depoated on each first end portion of trace 579c adjacent the respective Well 
561d and, as shown in Fig. 18, has a shape similar to that of electrode portion S78a. 

A third layer or lamina 586 is included within laminate structure 552 and overlies 
second lamina 566. The third lamina 586 is similar in conistruction, size and compbation to 
second lamina 566 and has a first or upper planar surface 587 and a second or lower plaiiar 
surface 588 extending parallel to upper surface 587. A portion of itticrpstiiictiire device 551 is 
cut away in Fig. 18 to expose a portion of upper surface 587. Lower surface 588 bf the third 
lamiiia 586 is secured to upper surface 567 of the second lamina 566 by an adhesion layer 589, 
although laminae 566 and 586 can be secured together by aiiy other suitable means such as 
heat bonding. A phirality of bores 591 extend between upper and lower surfaces 587 and 588 
forming the second or intermediate segments of eiach of the wells 561 of microstructiire device 
551. Bores 591 each have an inner diameter greater than the inner diameter of bores 569 in 
the second lamina 566 so that the intermediate ^gmeht bf wells 561 is larger in diameter thaii 
the lower segment of the wells formed by bQres 569. the inner diameter of bpres 591 is 
sufficiently large so that electrode portions 576a, 577a, 578 and 579a formed on the second 
lainina 566 are exposed to the fluid 453 within the wells 561. An opening, shown but not 
identified in Rg. 18, is provided through surfaces 587 and 588 for permitting aixess to contact 
portions 576b, 577b, 578b and 579b through the third lamina 586. 

A phirality of dectrical means substantially similar to the ele« 
lamina 566 are at least pdrtially carrid by third Iwiina 586. Specifically, a plurality of fifth 
electritd ineans 596 and a plurality of axth electrical mean^ 597 are carried on upper surface 
587 for each of the microstnictures 428 formed by laminate structure 552. For simplicity, fifth 
and sixth electrical means 596 and 597 are shown only with respect to Second microstnicture 
428b and third microstructure 428c in Figs. 18 and 19. The fifth and sixth electrical means 
596 and 597 are substantially similar in construction and materials to electrical means 576-579 
described above. Each of the fifth electrical means 596 has an electrode portion 596a, a pad or 
contact portion 596b and a trace portion or 596c. Each electrical trace 596c has a first end 
portion adjacent the respective first well 561a and a second end portion spaced-apart from the 
respective well 561a. The first end portion of each trace 596c is annular in shape, although 
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... any suitable shape can be provided, and extends around the first well 561a. An electrode 
portion S96a which is shown as being annular in shape is deposited on top of the first end 
portion of each trace S96c. The first end poition of each trace S96c and each electrode 
portion S96a has an opening in the center thereof forming a part of the respective first well. 
S 56 1 a. A contact portion 596b is deposited atop the second end portion of each trace 596c. 
Each sixth electrical meajtis 597 has an electrode portion 597a, a pad or contact portion 597b 
and a trace pcution or trace 597c. Each electrical trace 597c has a first end portion adjacent 
the respective fifth well 561e and a second end portion spaced*apart fi*oni the well 561e. An 
electrode portion S97a is disposed atop the first end portion of each trace 597c and is adapted 
10 to contact the fluid within the fifth well 561e. In this regaird, each electrode portion 597a is 
substantially anular to electrode portions 577a and 578a described, above. A contact portion 
S97b is deposed atop- the second end portion of each electrical tr 

Laminate structure 552 has a fourth layer or lamina 601 made from any suitable . 
ihaterial such as plastic which overlies third lamina 586. Lamina 601 can be relatively rigid if a 
15 rigidmcr6sthicturedevice551 is desired. Fourth lanuna 601 h^^ 

surface consisting of top surface 553 of the laminate structure 552 and a second or lower 
planar surface 603 extending parallel to the upper surface 553. Lower surface 603 is adhered 
to upper surface 587 of third lamina 586 by an adhesion layer 604 or any other suitable rheans. 
A plurality of bores 607 extend between suifaces 553 and 603 for forming a third or upper . 
20 segment of each of the wells 561 in niicrostnicture device 55 1 . The bores 607 each have an . 
inner diameter greater than the inner diameter of bores 591 so that the upper segment of the 
wells 561 is larg^* in diameter than the lower and intermediate segments of the wells; The . 
inner diameter of bores 607 is sufficiently large such that electrode portions 596a and 597a are 
exposed so as to cpntact.the fluid within the wells. An additional opening, shown but not 
25 identified/in Fig. 1 8, is provided between surfaces 553 and 603 to permit access to contact 
portions 576b, 577b, 578b and 579b through the fourth lamina 601 . A fiirther plurality of 
. bores 609 extend between surfaces 553 and 603 in registration with contact portions 596b and 
597b to permit access to the fifth and sixth electrical means 596 and 597. 

The aggregate thicknesses of laminae 566, 586 and 601 determine the depth of wells 
30 561. Second and third laminae 566 and 586 can each have a thickness ranging from 40 to 250 
microns. Fourth lamina 601 can have a thickness ranging from 250 microns to one millimeter. 
As can be seen, laminae 566 and 586 can be films backing a thick fourth lamina 601 . 
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A.fifth layer or btniha 61 1 is included in microstructure 55 1 for serving as a cover 
layer. Cover lamina 61 1 is substantially similar to cover lamina 448 described above and has a 
finst or upper planar surface 612 and a second or lower planar s^^^ 

direction parallel to upper surface 612. Lowersurfece 613 is secured to upper surface 553 of 
the fourth lamina 601 by heat bonding or any other suitable means. An opening 616 extends 
through surfaces 612 and 613 to permit access to contact portions 576b, 577b, 578b and 579b; 
In addition, a plurality of bores 617 extend between surfaces 612 and 613 in registration with 
bores 609 to pcnnit access to contact portions 596b and 597b- The contact portions of 
electrical means 576-579 and 596-597 and wells 561 are accessible from top surface 553 of 
the laniinate structure 552. It should be appreciated that nriicrostructure device 5iS51 can be 
provided without a cover lamina 61 1 and be within the scope of the present invention; 

One or more optional detection bores 621 can extend through any or all of cover laniiha 
61 1, third and fourth laminae 586 and.601 and adhesiveiayers 589 and 604 for each 
microstructure 428 to fadlitate optical detection by a detector (not shown) of fluid within 
microstructijres428. One such bore 621 is shown in dashed lines in Fig l 9. Suchbo^es 
nummize undesirable fluorescence which can be provided by such layers and adhesives. 

Although microstnicture device 55 1 is shown and described, as having first and second 
laminae or flex circuit layers 566 and 586, electrical means 576-579 can be formed on upper 
surface 558 of first lamina 557 by any suitable manner, such as any of the methods described 
above, so as to eliminate second lamina 566. Alternatively, electrical means 576-579 can be 
formed on lower surface 588 of third lamina 496, the invention being broad enough to cover 
overlapping dectncal means of the type described above separated by an insuladhg or 
nqnconductive layer. 

In operation and use, microstrutture device 551 can b? used vrfth electrode assembly ~ 
409 for any of the processes and methods described above. In this regard, rounded ends 4 1 l a 
of the contact probes 41 1 arc extended through top surface 553 of the'laminate structure to 
simultaneously engage contact portions 576b, 577b, 578b, 579b. 596b and 597b. Appropriate 
vohage potentials are then appKed to the fluids 453 within wells 561 to electrokinetically move 
fluids vnth the plurality of microstructures 423 provided in microstructure device 551. 

During such operation, each of traces 576c, 577c. 578c and 579c permit a single 
contact probe 411 to be utilized for providing a voltage potential to the respective plurality of 
wells 561 electrically coupled thereto. Fifth well 561e and sncth electrical means 577 can be 
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. utilized to assist the movement of fluid within microstructure SSI between the first and second 
. en(l portions of first microchannel 43 1 . The location of the electrode portions in the well at a 
point farthest from the opening of the nucrostructure 423 in the well, such as electrode 
portions S78a which is diametricaliy qppo^te the opening of the respective microstructures, 
S enhances electrokinetic movement of fluids into and from the well by maximizing the amount 
of fluid in the'relevant microchannel which is between the operative electrode portions. 
Arcuate pr horseshoe-shaped electrode portions, such as (electrode portions S77a, can be 
sumlarly disposed opposite the microstructure opening in the well to focus the electrical 
potential towards the microchannd of the microstructure. 

.10 The wells S61 in microstructure device SSI are formed in layers other than the layer(s) 

forming microstructures 428^ It has been found that such wells S61 can be more easily 
manufactured, for example in a punching operation, when not present in the layer forming 
'microstructure or microstructures 428, The depth of wells 561 so formed is determined 6y the 
thickness atnd number of such Other layers in laminate 'stnjcture.552.. 

IS The inclusion of two fl^ circuit layers in laminate structure SS2, that is second and 

third lamina 566 and 586, permit complex and/or dense patterns of electrodes and electrical . 
traces to be provided in microstructure device 551. For example, traces on one of such flex 
circuits can extend over or under traces on the other such flex drcuit, the traces being 
electrically insulated from each other by one of the lamina of the laminate structure 552. The . 

20 insulating separation layer minimizes cross talk betweeh'the crossing traces. The elect rbdes, 
electrical traces and contact pads can also cross over or under the microchannels or othjcr ' 
portions of microstructures 428. Such multi*layered electrical patterns permit a greater 
number of microstructures 428 and/or more elaborate microstructure designs to be provided 
on a giyen surface area of microstructure device 551. The first and second flex circuits also 

25 pemut inore than one contact probe to supply a voltage potential to a particular well 561 or 
other portion or the microstructures 428. For example, a voltage potential can be applied to 
the fluid 453 in first well 561a of microstructure device 551 by either first electrical means 576 
or fiflh electrical means 596: The multiple layers of flex circuits can also facilitate placement 
of the contact portions along one side of the device, such as shown in Fig. 18 with contact 

30 portions 576b, 57^, 578b and 579b. 

It should be appreciated that the illustrated configurations of electrodes and electrical 
traces on second and third lamina 566 and 586 can be combined in a multitude of ways to 
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prpvide a variety of microstructure devices 551 . In this regard, the electrode portions can be 
sized as desired and can be provided in wells or other portions of microstructures 428. One or 
more electrode portions can be provided for each wcU so as to permit one or nx>re voltage 
potentials to be alternatively or otherwise applied to the well. A single trace can be used to 
transmit a voltage potential to a single well or to a plurality of wells. More than two flex 
drcuit layerS' Can also be provided in other embodiments of the microstructure device of thc^ 
present ifwention. 

A microstructure device substantially similar to device 551 can be provided without 
electrical means of type described above integrated thmin. For example, flex drcuit layers 
566'ahd 586 can be diminated firom device 551 to provide a laminate with microstructures 428 
and wdis 561, but not electrical means 57iS-579 and 59fr-597. 

the invention herdn can be broadly claimed as a microstructure device comprising a 
laminate structure having a first lamina being providied with at l^t one microstructure 
.extending in a direction paralld to the first and second parallel surfaces of the first lamina. The 
laminate structure is provided with a plurality of spaced-apait bores in the first lamina or a 
second lamina for forming at least a portion of a plurality of wells in fluid conimunication with 
the at least one miarostructure. Electrical means of th^ type described above.is carried by the 
laminate structure for each of the plurality of wells. Optionally^ the first lahuna is provided 
with an additional such microstructure and the laminate stnicture is provided with an 
iadditional.plurality spacedrapart bores in one of its lamina for forming at least a portion of ah 
additional plurality of wells in fluid comniunication .with the additional microstruaure. 
Optional additional electrical means can be carried by the laminate structure for each of the 
additional plurality of wells, the. additional electrical means overlying the firstrnamed electrical 
means and bdng electrically insulated from the first-named electrical means. An insulating 
layer of the lamina structure cart optionally be disposed between the first-named and additional 
electrical means. 

All publications and patent applications mentioned in this spedfication are herein 
incorporated by reference to the samie extent as if each individual publication or patent 
application was specifically and individually indicated to be incorporated by reference. 

The inverilion now bdng fully described, it will be apparent to one of ordinaiy skill in 
the art that many changes and modifications can be made thereto without departing from the 
spirit or scope of the appended claims. 
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1, A continuous form nucrostruclure array device pompri^ng an elongate film 
laminate having a width bounded by first and second cadges and a length bounded by first and 

S second ends, said elongate film faminate having a phirality of microstructures arranged therein, 
each said microstructure configured to cany out at least one step in a microfluidic process. 

2. The continuous forim microstnicture array device of claim 1, wherein said 
phirality of microstructures is arranged as a plurality of microstructiire arrays comprising a set 
of microchannels configured to cany out a set of microfluidic process steps. 

10 3 . The device of claim 1 wherein said elongate film laminate comprises a first 

lamina and said microstructures comprises at least one niicrochannel formed in said.first . 
lamina. . . 

4. The device of claim 3 wherein said elongate lamina further comprises a second 
.lamina having a surface afiSxed to said first lamina, smd second lamiria enclosing at least part of 

IS. said microchanneL 

5. The device of cl^m 1 wherein said elongate film laminate comprises a spacing 
lamina sandwiched between first and second enplosing laminae and each said microstnicture 
comprises at least one microchannel formed as a slit through said spacing lamina, said 
enclosing laminae endosing at least a psurt p^ 

20 6. The device of claim 3, further- comprising a flexible circuit laminate adjacent 

said first lamina, said flexible circuit laminate comprising at least one electrode configured to 
contact an electroflow medium when such medium is supplied to said microstructure. 
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7. A method for making a laminate device haying a plurality of microstructures 
therein; each said microstructure being configured to carry out at least one step in a 
microfluidic process, said method comprising the steps of forming said microstructures in a 
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first lamina having a first surface, providing a sa:ond lamina having a second surface, creating 
a plurality of openings in at least one of the first and second lamina, and apposing the first 
surface of the first lamina and the second surface of the second lamina to form a larhinate 
structure, wherein each said opening is in fluid communication with one of said 
micrdstructures. 

8. the method of claim 7, fiirther comprising the st ep of appbsihg a surface of a 
flexible circuit laminate adjacent said first lamina, said flexible circuit laminate cbmprisihg a . 
plurality of electrodes, wherein each said electrode is configured to contact an electrofloW 
medium when such medium is supplied to said mi^ 

9. The method of Claim 7 wherein said forming istep includes the step of 
embossing the first lamina to form said microstructures therein. 

10. The method of Claim 9 wherein said forming step includes the step of curiiig 
the first lamina after the embossing step! . 

11. The method of Claim 7 fiirther comprising the step oif supplying the first lamina 
fi^om a first roll and supplying the second lamina from a second roll in a continiious.feed 
operation. 

12. The method of Claim 1 1 fiirther comprising the step of cutting the laminate 
structure to form a plurality of discrete devices each having a plurality of microstructures 
thereon. - ^ 

13. A method for carrying out a microfluidic process, said method comprising the 
steps of providing a film laminate having a phirality of microstructures arranged therein, each 
said microstnicture being configiired to cany out at least one step in the microfluidic process, 
each said microstriicture comprising a detection region, providing a detector capable of 
detecting a signal produced in the course of said step in said microfluidic process, causing 
relative movement between said film laminate and said detector to bring said detection region 
into the detection field of said detector. 
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14. A device for carrying out a microflutdic process, said xievice compristng 
an elongate film laminate having a plurality of microstructures arranged therein, each 

said microstructure being cpnfigmred to cany out at least one step in the microfluidic process, 
each ssud microstructure comprising a detection region, 

a detector capable of detecting a signal produced in the course of said step in said 
microfluidic process, 

means for moSdng said elongate film laminate or said detector in relation to each other 
to bring said detection re^on into the detection field of said detector. 

. ■ ■» ■ 

15. A microstructure device for use with first and second contact probes extending 
from an electrode support. structure in a predetermined pattern comprising a laminate structure 
having a first lamina of a plastic material, the first lanuna having first and siecbnd spaced-apart 
parallel surfaces, the first lamina being provided with at least one microstructure extending iti a 
cfirection parallel to the first and second parallel surfaces, the laminate structure haviiig first 
and second spacedrapart wdls adapted to receive a fluid and in fluid communication with the 
at least one microstructure, the laminate structure haying a second lamina of a nonconducttve 
material, electrical means at least partially carried by the second lamina for each of the first and 
second wells, each of the electrical means having an electrode portion in communication with 
the fluid of the respective well and a contact portion spaced apart from the respective well and 
not in fluid communication with the fluid of the respective well, the contact portions being ' 
arranged on the laminate structure in a pattern corresponding to the predetermined pattern of 
contact probes whereby the first and second contact probes can be brought into contact with 
the respective contact portions so as to provide a desired voltage potential to the fluid 
provided in the first and second wells. " ^ 

16.. . The device of Claim 15 wherein each contact portion is accessible from the 
exterior of the laminate structure. 

17. The device of Claim 16 wherein the second lamina has first and second spaced- 
apart parallel surfaces, each electrode portion being adjacent to the first surface of the second 
lamina and each contact portion being adjacent the second surface of the second lamina. 
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18. The device of Claim 17 wherein each of the first and second electrical means, 
extends between the first and second surfaces of the second lamina so that each contact 
i)ortiqn underlies the respective electrode portion. 

19. The device of Claim 16 wherein each of the first and second electrical means 
includes a trace portion which electrically connects the contact portion to the electrode 
portion. ' 

20. Tlie device of Claim 19 wherdn the electrode portion of e9ch of the 
second electrical, means is disposed at a bottom of a respective well. 

21. The device ofCIaim 20 wherein the second lamina has first and second spa^ 
apart parallel surfaces, each electrode portion being adjacent to the first surfece of the second 
iamina, eath contact portion being adjacent to thte second surface of the second lamiha and 
each trace portion extending transversely betweeh ihe first and second surfaces 6f the secdnd 
lamina. 

22. The device of Claim 16 wherdn the laminate structure has first and second 
spaced-apart parallel surfaces, each of the first and second wells 'b«ng accessible from the firet 
surface and each of the contact portions of the first and second weHs being accessible from the 
second surface. 

23. The device of CWm 16 wAerdn the lanunate structured 

spaced-apart paraUei surfaces, eacAofthe first and second wells " " 

portions of the first and second wells being accesiable from the first surface. 

24. The device of Claim 15 for use with first and second piercing contact probes 
wherein the second lamina is made of a material which perinits the first and second piercing 
contact probes to penetrate the second lamina so that the first and second piercing contact 
probes electrically engage the contact portions of the first and second electrical means: 
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25. The device of Claim 1 6 wherein the laminate structure has a third lamina 
overlying the first and second wells for sealably enclosing the fluid in the first and second 
wells. . * 

26. The device of Claim 15 for use with additional first and second contact probes 
5 wherein the first lamina is provided with an additional microstructure and the laminate 

structure has additional first and second spaced-apart wells in fluid communication with the 
additional microstructure^ additional first and second electrical means at least partially carried 
by the second laihina for the additional fiu-st and second wdl$. 

27. The device of Claim 1 5 for use with an additional first and second contact 
10 probes wherein the first lamina is provided with an additional microstructure, the laminate 

. structure has additional first and second spaced-apah wells in fluid communication with, the 
additional ihicrbstructure and the laminate structure has a third lamina of a nonconductive . . 
material disposed adjacent the second lamina, additional first and second electrical means at 
least partially carried by the third lamina for the additional first and second wells. 

15 28. The device of Claim 27 wherein the second lamina overlies the first lamina and 

the third lamina overlies the second lamina. 

29. The device of Claim 28 wherein the first and second wells and the additional 
first and second wrells extend through the second lamina and the third lamina. 

30. The device of Claim 1 5 wherein the first and second wells extend through tlie^ 
20 second lamina. . 

31 . The device of Claim 30 wherein at least one of the electrode portions is annular 
in shape and extends around the respective well. 
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32, A microstructure device for use with first and second contact probes extending 
from an electrode support structure in a predetermined pattern comprising a laminate structure 
having an exterior and a first lamina of a plastic material, the first lamina having first and 
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second spaced-apart parallel surfaces, the first lamina being provided with first and second 
microstructures extending in a direction parallel to the first and sfecond parallel surfaces^ the 
laniinatf structure having first and second wells adapted to receive a fluid, the first well being 
in fliiid communication with the first microstructure and the second well being m fluid 
communication with the second microstructure, the laminate structure having a second lamina 
and a third lamina each of a nonconductive material, first electrical means at least partially 
carried by the second lamina for the first well and second electrical means at least partialiy 
carried by the third lamina for the second well, each of the electrical means having an 
dcctrdde portion in comiiiunication with the fluid of the respective well and a contact portion 
spaced apart from the respective well and not in communication with the fluid of the respective 
well, the contact portions being arranged on the laminate structure in a pattern corresponding " 
to the predetermined pattern of contact probes whereby the first and contact probes can be 
brought into contact with the respective contact portions so as to provide a desired voltage' 
potential to the fluid provided in the first and second wells. 

33. The device of Claim 32 wherein the second lamina overiies the first lamina and 
the third lamina ovieriies the second lamina. . 

34. The device of Claim 33 wherein the first and second wells extend through the 
second lamina and the third lamina. 

35. The device of Claim 34 wherein at least bne of the electrode portions is annular 
. in shape smd extends around the respective well! 

36. The device of Claim 33 wherein each of the first and second electrical means 
includes a trace portion which electrically connects the contact portion to the electrode 
portion, the trace portion of the second electrical means overlying the trace portion of the first 
electrical means and being electrically insulated from the trace portion of the first electrical 
means by the third lamina. 
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37. The device of Claim 32 wherein the laminate structure has a fourth lamina 
overlying the first and second wells for sealably enclosing the fluid in the first and second wells. 

3t8. A microstructure device for use with first and second contact probes extending 
fi'om an electrode support structure in a predetermined pattern comprising a laminate structure 
having a first lamina of a plastic material, the first lamina having first and second spaced-apart 
parallel surfaces and being provided with iat least one microstructure exfendilig in a direction 
parallel to the first and second parallel surfaces, the laminate structure having a secohd lamina 
of a nonconductive material, the second lamina having first and second spaced-apart surfaces 
and being provided with a plurality of spaced-apart bores extending through its first and 
second paralld surfaces for forming at least a portion of a plurality of wells adapted to receive 
a fluid and m fluid communication with the at least one microstructure, electrical means carried 
by the laminate structure for each of the plurality of wells, each of the electrical means having 
an electrode portion in communication wth the fluid of the respective well and a contact 
portion spaced.apart from the respective well and not in fluid communication with the fluid of 
the respective well, the. contact portions being arrangied on the laminate structure in. a pattern 
corresponding to the predetermined pattern of contact probes whereby the first and second 
contact probes can be brought into contact with the contact portions so as to provide a desired 
voltage potential to the fluid provided in the plurality of second wells. 

39. The device of Claim 33 wherein the first lamina is proS^ded with an additional 
such nucrostructure and the second lamina is provided with an additional plurality of such 
spaced-apart bores for forming at least a portion of an additional plurality of wells in fluid 
conununication vnth the additional microstructure, additional such electrical means carried by" 
the laminate structure for each of the additional plurality of wells, the additional electrical 
means overlying the first-named electrical means arid being electrically insulated firom the first- 
named electrical means. 



40. The device of Claim 39 wherein the laminate structure includes a third lamina 
of a nonconductive material disposed between the first-named and additional electrical means. 
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